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FERMENTATION SYNTHESIS 
PURIFICATION 


DEHYDRATION* RECOVERY 


Vulcan's accumulated experience with lower 


aliphatic alcohols goes back over 50 years — 


covers hundreds of installations throughout this 


country and abroad — establishes Vulcan as the 


leading designer and constructor of plants and 


units for production and recovery of alcohols. 


Production of METHANOL by the Vulcan-Inventa Synthesis Process. 


* Production of ETHANOL by fermentation or by synthesis from ethylene. 
* Production of ISOPROPANOL by synthesis from propylene. 
* Production of N-BUTANOL by fermentation. 


* Dehydration by Vulcan's Pressure Process — applicable to the water- 
miscible alcohols which form constant-boiling mixtures with water. 


Ld Recovery and Purification of methanol, ethanol, normal propanol, iso- 
propanol, normal butanol, secondary butanol, tertiary butanol, isobutano! 
and several of the amy! alcohols 


Vulcan's experience will provide the answers or recovery of the lower aliphatic alcohols. 
for many of YOUR problems in the production Your inquiry is invited 


VULCAN ENGINEERING DIVISION 


“The VULCAN Coprer & SUPPLY CO., General Offices ond Plant, CINCINNATI 2, OHIO 
WILMINGTON, DEL BOSTON HOUSTON SAN FRANCISCC 

VICKERS VULCAN PROCESS ENGINEERING CO. LTD. MONTREAL CANADA 


DIVISIONS OF THE VULCAN COPPER & SUPPLY CO 


VULCAN MANUFACTURING DIVISION VULCAN CONSTRUCTION DIVISION 


VULCAN ENGINEERING DIVISION 
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Drugs—Up and down / 47 
Trends—Evidence is increasing that the entire drug 
industry cannot be regarded as in a state of dynamic growth 


r 
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C.E.P. SPECIAL FEATURE 


More evaporotion for less money 


Cost factors in evaporator design / 45—F 
W. D. Kohlins& H. nglande? \ host of often-ignored 


factors are described as exerting major influence on cost one need to Fun product a 
of evaporation facilities ny, 
i cat { 
Selection and application of evaporator equipment / 49—F pul veri: 

M. M. Coston & E. E. Lindsey—Although selection of equipment fee ‘ bulk 
optimum type of evaporator is empirically based on pr material th eff t Drave coder 
vious experience, the selection procedure and data require Just set a | ite 
ments described are useful aids in simplifying the job the fl at 
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Using the epoxy resins / 53—F machine and downtion 

C. V. Wittenwyler—Whether your interest in epoxies is contin 
for use in your own process plant, incorporation in a age t had equipment and | ‘ 
product, or possible manufacture to meet the expanding ' ~ , 
demand, the chances are this resume may provide just the 


information needed. 


Heat and flow characteristics of porous media / 57—F 
]. Fk. Coppage & A. L. London—Wire screening and lead mounted ra n the ma aft 
shot were used to simulate the porous media for a series nd ided by pa 


of experiments intended to provide badly needed data for tit t 
the process equipment designer. at ca 
1’ 
Frequency response analysis in process control (Part 2) / 64—F 
Ernest F. Johnson—In his earlier article (C.E.P. August, » 
1955), author Johnson related frequency response to the 
imposition of a sustained sinusoidal variation in some prop 
erty of an inlet stream of a process. This response offers a ‘ ; we tes 
simple means for automatic control. How such control sys 
tems can be devised is the subject of this second paper 
Use of electric analogs in reactor design / 69—F te D on 
]. B. Roberts & J. A. Beutler—For the past four years, mace ' 
DuPont's Engineering Research Laboratories have been und ' _ 
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DRAVER FEEDERS 


Here's a process-control instrument built on experience ...CEC’s 
38-201 Process Refractometer. This process analyzer was proved 
around the clock for several years in actual process operations at 
the various refineries of its original designer, the Phillips Petroleum 
Company. Now, as a “Consolidated-Phillips” instrument, it’s backed 
by Consolidated Electrodynamics’ nationwide service organization 
... assurance of interruption-free service for years to come. And 
CEC’s experienced Application Service is available to discuss applica- 
tions, diagnose problems or aid in the development of new automatic 
analysis and control systems. 

Here's above all a practical process monitor and controller, which 
can materially lower your costs and raise both throughput and quality. 
For the compkte story of the 38-201 Process Kefractometer, write 
today for Bulletin CEC-1839 X19. 
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PROCESS 
REFRACTOMETER 


Consolidated Electrodynamics 


CORPORATION 
Formerly Consolidated Engineering Corporation 
ELECTRONIC INSTRUMENTS FOR MEASUREMENT AND CONTROL 
300 North Sierra Madre Villa, Pasadena, California 


Sales and Service Offices in. Albuquerque, Atlanta, Boston, Buffalo, Chicago 
Detrou. New York, Pasadena, Philedelphia. San Frar Seattle, Washingto 
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What it measures. 

... the 38-201 measures the difference in refractive 
index between a liquid standard and a flowing liquid 
sample obtained directly from a process line. Re- 
fractive index is related to density and thus is able to 
provide a direct indication of relative composition 
changes in binary mixtures. When the process stream 
is complex, a binary mixture is approximated when 
all but one or two key compounds remain reason- 
ably constant. 


Its features. 


RUGGED CONSTRUCTION—explosion-proof design 
permits use anywhere, even out-of-doors. 


STABLE, DRIFT-FREE OPERATION — the differential- 
principle design provides freedom from ambient 
temperature changes. Sample temperature, pressure 
and flow are closely controlled and stabilized. 


HIGH SENSITIVITY—maximum full-scale sensitivity 
is 0.0012 Refractive Index Units, minimum is 0.24. 
Unit observes both plus and minus deviations of 
the flowing sample. 


SIMPLICITY — contains no controls requiring routine 
adjustment; once unit has been placed in operation, 
the operator makes only an occasionil inspection. 


FREEDOM FROM MAINTENANCE - basic design sim- 
plicity keeps unit operating without attention for 
long periods. If repairs are required, all electronic 
and optical assemblies are easily reached, and can 
be replaced quickly with standardized spare units. 


How you can use it... 


FRACTIONATOR CONTROL ~Process Refractometers 
are saving hundreds of dollars per day through 
maintenance of product composition at Phillips 
Petroleum Company. 


AUTOMATIC CONTROL— readily achieved by mak- 
ing the Process Refractometer an element of a feed- 
back loop. Deviations from the desired R.I. then 
automatically adjust process parameters to bring 
end product back to standard. 


BLENDING CONTROL—by using a sample of cor- 
rectly blended liquid as the standard, the Process 
Refractometer, through use of variation in the sam- 
ple R.L. to actuate pneumatic controllers, automati- 
cally controls blending operations, cuts losses from 
faulty product. 


The Consolidated-Phillips group also includes 


38-101 38-301 38-401 
infrared Oxygen Ultraviolet 
Gas Analyzer Analyzer Analyzer 
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using, with considerable success, an installation of analog 
computers for solution of a considerable variety of reactor 
performance problems 


Liquid-metal handling / 75—F 


S. G. Bauer—Know-how in designing and operating a heat 
transfer system employing liquid metal heat transfer agents 
has to do with leak tightness, purging, pumping, and other 
factors described in this practical article 


Chart for selecting equipment for separation processes / 78—F 
C. M. Nicholls—The degree of radioactivity to be ex 
pected governs many factors in the planning of processing 
facilities to be so exposed. In this simple chart, which ts 
from a Geneva paper, a general indication is obtained 


Facilities for development of double-base propellants / 79—F 
A. T. Camp, C. H. Carlton, Q. Elliott, & J. H. Wiegand 
Rocket propellants may have to be manutactured im enor 

mous quantities for stockpiling or for use in wartime 


The hermetic centrifugal separator “ 83-—F 
F. E. Sullwan—The hermetic centrifugal separator oper 
ates with mechanical seals on both inlet and outlet, to 
enable use of hydraulic pressures of 150 Ib./sq.in. Aeration 
is avoided, which permits handling of emulsifiable mixtures 


Where you stand in selective service deferment / 49 
The President's recent signing of executive orders to 
implement Public Law 305 now gives you a basis for pro 
ceeding with an application for delerment—il you can meet 
the new exemption provisions 


Private industry and nuclear fuel reprocessing “ 50 
How the recent A.E.C. policy of practical subsidy and 
access to information may make it possible for your firm 
to get started in this held of great future potential 


What the process industries are doing / 52 


‘This month's Industrial News features another shale oil 
pilot plant in Colorado, using Swedish process 


New Orleans—scene of May national meeting / 55 
Survey of non-technical aspects of a lascinating local: 


Atomic batteries await low-cost materials / 60-61 
E.. G. Linder, P Rappaport iy |. J. Lofershi—The radio 
active byproducts from nuclear piles may yield economi 
beta-emitters capable ol encrTyizing semiconductor type 
“batteries.” 


Solvay’s new H.O. plant uses novel process / 80 
Direct oxidation chemical process to supply needs for 
expanding newsprint industry 


Salary survey of rocky mountain chemical engineers / 90 
Climate, beauty of surroundings, and bounteous living 


compensate for lower salaric 


LETTERS 
mee) moe) TO THE EDITOR 


BATCH OPERATIONS 


Heat Transfer Division? 


There is currently before the member- 


ship of the Institute the question should 
the Institute have a Heat Transfer Divi- 


sion? I would like to present a more or 
less detailed statement on the issues in 
volved and the advantages to be expected. 


At the recent Detroit meeting, fifty-five 


i] members of the Institute signified their 
Te | tp lion desire to have a Heat Transfer Division by 

1) LO COUN ot Q igning a petition or division membership 

assures rapid, thorough mixing or blending of pulverized or cand, Soom past 


granular wet Of dry materials transter symposia held at Atlantic City, St 


Louis, and Louisville, one would expect 
Heavy-duty construction stands up under long runs and adverse everal hundred to join a division. The 


processing conditions with a minimum of costly downtime. assembled group at Detroit elected W. W. 
2 \kers, E. C. Ashton, Jr., S. W. Churchill, 
Readco Spiral Ribbon Mixers can be supplied for atmospheric, _ D. Q. Kern and D. L. Katz as a steering 


elevated pressure or vacuum operation . . . with or without | and nominating committee 

temperature controlling jackets. Working capacities up to How many members of the Institute 
$00 cubic feet. work in the field of designing and provid- 
ing service to heat transfer equipment? 
Last year the writer had the privilege of 


giving lectures in seven cities on the sub- 


BAKERY-CHEMICAL DIVISION 
York, Pennsylvania 


ject of heat transfer. More than 400 engi- 
neers, the majority with a chemical back- 
ground, attended. From this sampling of 


industry it seems fair to estimate that 


more than 800 chemical engineers are 
directly connected with work in the field of 
heat transfer. When adding an average 
of two faculty members per school or 200 
more from the academic area, one can 
tate with confidence that a minimum of 
1,000 chemical engineers would have a 


direct interest in the activities of a heat 


transter division 

Is heat transfer a subject of decreasing 
interest’? Certainly not from the view of 
engineers in industry who are seeking ways 
to reduce initial ‘and maintenance costs of 
heat transfer equipment. Many problems 
are arising in the nuclear field of heat 
transfer under extreme conditions of flux 
or temperature. The applications of fluid 
mechanics and analytical procedures to 
heat transfer problems are yielding new in- 
sights to special problems. Liquid metals 
as heat transfer agents present new prob- 


(Continued on page 12) 
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SEND FOR—— your copy of 
new MIKRO-Multi-D Bulletin 
and Test Grinding Data Sheet. 


Minvo- 


. 52, No. 2 


The new MIKRO-Multi-D Pulverizer has been especially designed for any 
processing system in which purity of the product is of prime importance. 


This new unit, which provides precise particle control in the 4 to 20 mesh 
range, is light, yet durable. It is easily assembled and disassembled, 
permitting quick changes from one product to another with complete 
freedom from spoilage or contamination. It can also be readily adjusted 
for speedy changes in particle sizing. 


Its ease of thorough cleaning and reassembly makes the MIKRO-Multi-D 
ideal as a utility unit for many industries, but particularly in the food and 
drug fields. A test on your own product in the MIKRO Laboratory may 
provide a solution to your grinding problems. 


PULVERIZING MACHINERY DIVISION 


METALS DISINTEGRATING COMPANY, INC. 
31 CHATHAM ROAD Summit, New Jersey 
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PRECISE CONTROL on antibiotic processing at this pharmaceutical 
plent is assured by the fast, smooth quarter-turn operation of Rockwell- 
Nordstrom valves. 


VERSATILE Rockwell-Nordstrom valves can be used in any position for 
flow in any direction. Ideal for chain-wheel or extension operating like 
the heat exchanger shown above. 


COMPACT Rockwell-Nordstrom valves on the gos coolers sbove hove no 
stem ossemblies or bonnet cavities to take up vito! spece. Space and 
weight savings mean real economy of designing and investment. 


EMERGENCY SHUTDOWN 


RN HANDLE DOWN 


DEPENDABLE, LEAKPROOF Rockwell-Nordstrom valves cost no more, 
often less, thon ordinary valves—but they assure absolute reliability on 
even the most critical service. 


4 4 / — 
‘ 


AT A GLANCE, you can tell whether a Rockwell-Nordstrom valve is 


open or closed. Costly, often dangerous guesswork and old-fashioned 


“feeling” o valve are eliminated. 


BIG BUT FAST. Every Rockwell-Nordstrom valve is fully opened 
or fully closed in one quoarter-turn On gear operated volves, this 


means operation is two to five times faster. 


FOR POWER OPERATION, Rockwell-Nordstrom valves assure de- 
pendobility and economy because simpler and less costly octuotors 
ore required for quorter-turn operation, and lubricont keeps them 
“ready to go.” 


Bottlenecks 


ROCKWELL-Nordstrom VALVES 
Keep Every Line On Stream 


40th YEAR o/ lubricated plu, e leadership 


For forty years, process engineers have in- 
sured better quality control and mechanical 
performance, greater safety, and lowest 
maintenance costs with Rockwell-Nordstrom 
chemical valves. They have been proven on 
every service from the earliest refineries to 
today’s exacting demands of precise flow 
control in automatic chemical and process- 
ing plants. The facts speak for themselves 
...everywhere you use Rockwell-Nordstrom 
valves they will assure you greater “on 
stream” dependability at lower cost than 
any other valve you have ever used, 

Look at these installation photographs for 
just a few of the reasons why Rockwell- 
Nordstrom valves can help you break pro- 
duction bottlenecks. Rockwell Manufactur- 
ing Company, Pittsburgh 8, Pa. 


Canadian Valve Licensee: Peacock Brothers Limited 


ROCKWELL- 


Nordstrom 


VALVES 


Lubricant Sealed For Positive Shut-Off 
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CENCO—MEGAVAC 
high vacuum pump 


For laboratory use . . . in the exhaustion of LONGER LIVED... Cenco precision 


larger laboratory appliances either direct or in engineering and manufacturing skill insure 


conjunction with diffusion pumps. 


For industrial use . . . in the production of 
luminous tube lights, television tubes and Provided with convenient oil drain. 
similar products. 


MORE EFFICIENT .. . delivers 57 liters Cenco-Megavac No. 92003 mounted, with 


of free air di 4 ( i 

ree air displacement at 600 rpm with motor, 60 cycle, 115-230 volts $224.50 
l4 
1% h.p. motor. 
MORE COMPACT... only 17'4" x 10';" 60 Cycle, explosion proof $259.00 
x 14!," overall. Other motor types also available. 


Central Scientific Company 


The mest complete tia ‘ 
Order Today So ape comme Gan of 1720 IRVING PARK ROAD, CHICAGO 13, ILLINOIS 
BRANCHES AND OFFICES —CHICAGO NEWARK BOSTON WASHINGTON DETROIT SAN FRANCISCO « 


or ask for Circular } SANTA CLARA + LOS ANGELES + REFINERY SUPPLY COMPANY—TULSA » HOUSTON 
No. 1268 CENTRAL SCIENTIFIC CO OF CANADA, LTO —TORONTO « MONTREAL « VANCOUVER « OTTAWA 
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Three 2000-hp Ingersoll-Rand HHE Vacuum Pumps for 


exhausting testing chambers to simulate high altitude 
flying conditions. Piston displacement of 51,508 cfm is 
believed largest built to date in reciprocating equipment. 


any pressure vacuum you 


J 


N pe 


compression to 3500 psi. 


from high vacuums to 15,000 psi pressure 


Ingersoll-Rand Compressors meet industry's exacting needs 
with traditional 1-R economy, dependability and low maintenance. 


When a southern chemical corporation wanted to compress nitrogen and hydro- 
gen to 15,000 psi in the production of synthetic ammonia, Ingersoll-Rand com- 
pressors were chosen for the job. When the aircraft industry needed big vacuum 
pumps to exhaust testing chambers in order to simulate high altitude flying condi- 
tions, again Ingersoll-Rand equipment was selected. 

The installations pictured here are typical of the wide range 
services that I-R compressors are performing. 

If you have a problem involving the compression or evacuation of air or gases, 


remember that for scores of years Ingersoll-Rand has been designing and building 
and combinations of these 


of specialized 


reciprocating, centrifugal, and steam-jet equipment 
to meet the most exacting requirements in all kinds of industries. Your I-R repre- 
sentative is well qualified to give you expert assistance, no matter what the gas, 
pressure, or process. 


Ingersoll-Rand 


11 BROADWAY, NEW YORK 4, WN. Y. 


COMPRESSORS * PUMPS * AIR AND ELECTRICAL TOOLS * VACUUM EQUIPMENT * ROCK DRILLS * CONDENSERS * GAS AND DIESEL ENGINES 


Two 900-hp Ingersoll-Rand 2-stage HHE Compressors 
boosting a mixture of hydrogen and nitrogen from 3500 
to 15,000-psi pressure in the manufacture of synthetic 
ammonia. Two 2250-hp 4-stage units handle the primary 
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a ret 


perimentation and esigi \ total « 


eqghty-three papers cat tr ier were 


pre ented at Institute 1 


gram Committee is composed of eight divi 


sions of interest: Operations A, Unit Op 


erations B, Process, Kinetics, Equipment, 


Fundamentals, Commercial and Nuclear 


\ is described as 


Energy. Unit Operati 


“Diffusional, mass transfer, fluid dynamics 


and the like” and includes heat transfer 


This division of interest under Rk. L. Pig 


ford handled the joint program with 
A.S.M.E. on heat transfer at Louisville 


Everyone agrees that it would be fine 


for more members of the Institute to take 


an active part in its affairs. At present, 


three or four members of the Program 


Committee in the Unit Operations A 


group which handles heat transfer are a 


tive in the field of heat transfer and no 


Removable-Header 


connection with their duties on the Pro 


WATER COILS gram Committee. With a Division there 


would be seven members of the executive 


committee plus some eight members of 


bd the program committee or a total of fiiteen 
. Complete Drainability persons taking part in developing programs 


on heat transfer 


Ihe Institute has an Equipment Testing 


¢ Easily Cleaned Procedure Committee with a subcom 


mittee on Heat Exchangers. This activity 


would find considerable support from a 


¢ High Heat Transfer A Bas 


Transfer Division will permit 


more contact and exchange of ideas be 
Completely drainable and easily cleaned, Acrofin Type tween people interested in the subject 
“R” coils are specially designed for installations where | There is special need for contact between 
frequent mechanical cleaning of the inside of the tubes is the academic and industrial people, and 
required evaluation of research needs. Engineet 


other than chemical will be drawn into 


The use of 5%” O.D, tubes permits the coil to drain 


programs and divisional efforts. In turn 
completely through the water and drain connections and, will have crow 


in installations where sediment is a problem, the coil can to represent it at such cooperative efforts 
be pitched in either direction. The simple removal of a | as the Heat Transfer Conference now being 
single gasketed plate at each end of the coil exposes every | organized by the Heat Transfer Division of 
tube, and makes thorough cleaning possible from either end, | the A.S.M.E 


The Institute will grow over the years 


The finned tubes are staggered in the direction of air 
flow, resulting in maximum heat transfer. Casings are 
standardized for easy installation, 


ahead. The organization of Divisions from 


time to time along clearly define ireas of 


interest is a way by which the Institute 


can grow and maintain effective service im 
Write for Bulletin No. R-50 programs, publications, and professional 


matters 


Providing that the Program Committee 


steering and nominating committee will 


101 Greenway Ave., Syracuse 3, N.Y. 


Aerofin is seld only by manufacturers of fan system apparatus. List on request. (Continued on page 16) 
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ELECTRONIC ANALOG COMPUTING COMPONENTS 


FOR SYNTHESIS & ANALYSIS, PLANNING & PLOTTING, PROVING & IMPROVING 
GAP/R Modular Components give remarkable flexibility of structure and application 
They adapt winningly to every size of project and budget, and to all operating speeds 


The Model K2-W 


The | ) Operational Amplifier is an 
Model HK octal based plug-in uns 
which will serve as nucleus 


Operational Manifold offers for accurate feedback func 
10 amplifiers for analog cal tions. It has differential in 
culations of great variety puts, high DC gain, and 
Very rapid to connect and to useful bandwidth over 100 7 The Model €S) Cencral 
use, this versatile unit ts a KC. Other models incluce § Sienal Component provides 
COMPARE MODEL MK computing center in itself, the K2 xX, which puts out SEE ALSO stimuls and programming 
100 V and more power MODEL CR commands tor automatic 


The Model K2?2-P BELOW repetitive computing. It sets 
The ; Stabilizing Amplifer, used initial conditions, and 
Model RK : in tandem with the above, checks all calibrations 
_ provides long term DC sta 
Regulated Power Supply bility measured in micro 
employs premium trans volts. It installs directly in 
formers andinductors, plus = the HK Manifold or ina 
a high-stability regulat ’ other environments. We 
ing circuit. Capacity of this also manufacture dozens of 
Supply is sufficient for 4 of other useful plug-in units in 
the above Model HK this unique package 


THE K3 SERIES OF COMPUTING COMPONENTS 


me lhe Model K3-A Adding Component accepts 
, from one to 4 input voltages, and supplies 
both = and minus their instantaneous sum 1 ©), COMPUTING TIMI 
An additive constant may be set in manually. 
All signal inputs and outputs are at the front, ELECTRONIC GRAPH PAPER 
and power is simply plugged in at the rear 
At the right is shown a utilizing system 


COMPARE MODEL RS 


VOLTAGE SCALE 


0 10 20 sO 


For repetitive Analog solutions, this method 
of display enables simultaneous plotiing, to 
high precision, of many concurrent variables 
The Model K3-C Coefficient Component mul Calibvotion is automatic for time and voltage, 
tiplies its input voltage by an adjustable con and is proof against all oscillographic errors 
stant, and gives outputs which are positive 
and negative versions of the instantaneous 
product. The scale shows unity (the most 
likely scale-factor) at the center, and sets 
readily down to zero and up to infinity 


For normal time-scale purposes, a variation 
of this method is directly applicable, Koown 
best for High Speed, GAP/R methods are actu 
ally Pan-celerative 


The Model K3-B Limiting Component permits 

the input voltage to be passed on directly to 

the output whenever the input is within ad 

justable positive and negative bounds, but 
otherwise holds the output fixedly at the 

bound last exceeded. Such nonlinearities are : The Model CR Gefiral 
readily analyzed with these handy tools sponse Component accepts 
ming data from Model CS 
(above), and up to 8 signals 


The Model Integrating Component com 

putes plus and minus the time integral of 
the input, at selected rates. An input is avail 
able for clamping, to set the starting point 
This unit serves, like our others, for fast or 
slow operation. In this same modular form, 
we offer 10 other fundamental types 


for display; ut generates the 


calibrated graphical display 


(as shown) for any ‘ope 


Model MU & GAP/R 


Multiplying Component & STANDARD 
computes 2 independent products are too 
voltage products, and will | numerous for a 
also perform division. It single page. Includ 
handles signals of both po ed are accessories 
larities, from DC w above to fulfill all your 
50 KC, with accuracies to analog needs 

4% or better SPECIAI 


equipment may be 


engineered for new 
or unusual applica 
trons 


Model FF 


Functional Component pro ADVICI 
duces an ovtput voltage is available on how 
which follows an adjustable our methods may 
instantaneous function of be applied to your 
the input voltage. The ad problems. Our staff 
justment is simple and is experienced and 
direct. Applications abound able and COMPLETI 

for nonlinear problems cooperative RACK ASSEMBLIES 


George A. Philbrick Researches, Inc., 230 Congress St., Boston 10, Mass. 
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Keep your eye on 


WORTHINGTON 


Pump research primes pump progress 


WORLD'S FIRST ATOMIC-POWERED 
MARINE, NAUTILUS, undergoing sea trials 
In atomic development since 1941, Worth 
ington recently built special engine room 
equipment for both atomic submarines, 
Nautilus and Sea Wolf. Worthington con 
tinues to figure prominently in supplying 


this new field of atomic energy, keeping - 


pace with its new and rapidly changing 
requirements 


TEST STAND CAPACITY UP TO 100,000 
GPM is provided at Worthington’s Harrt- 
son plant (above), Built over a man-made 
half-acre lake, the test stand is used as a 
production tool to check pumps from 
fractional horsepower up. This flexibility 
comes in handy—in one line alone Worth- 
ington can put together 60,000 different 
standard pumps out of 650 parts in six 
standardized sets of liquid ends 


DIRECTING PUMP TEST OPERATIONS [rom 
central control room (left) where special 
measuring instruments speed collection of 
performance data, Worthington pump spe- 
cialists can afford to be objective in con 
sidering your pump application problem 
They select from the most complete line of 
pumps offered by any manufacturer 


EUTECTIC CASTING, used in making stand- 
ard Worthington pumps, trees engineer 
from casting restrictions, Formerly, design 
of impeller and diffuser blades had to 
allow hand withdrawal from fragile sand 
core. Eutectic casting uses a low-melting- 
point alloy to form blades, melting this 
alloy out during baking. This permits de- 
sign flexibility for maximum hydraulic 
performance. 


We have a lot of experience at Worth- 
ington-——more than 114 years of it--and 
we're picking up more all the time 

But technology advances every day 
Each step forward brings with it new 
and unsolved pumping problems. That's 
why Worthington’s research and devel- 
opment program is continuous. That's 
also why we like to work with you dur- 
ing planning to get the jump on prob- 
lems before they reach the costly stage 


Experts for every problem 


For your day-to-day pumping prob- 
lems, our sales engineers are thoroughly 
trained in pump applications in every 
fieid, and can usually supply the right 
answer fast. Naturally, for the really 
tough ones, our staff engineers back 
them up with all the equipment and 
facilities of our shops and laboratory 
In addition, factory-trained trouble- 
shooters are available to cope with any 
problem that may arise in the field. 


From cat-cracker to atom-cracker 


Our specialists, covering al! major in- 
dustries, work as a team. Together, they 
bring to bear on any problem a vast 
store of experience. They've successfully 
solved pumping problems and helped 
pioneer new developments in public 
works, atomic energy applications, the 
oil industry, and the chemical industry 

to name a few 

So keep your eye on Worthington; we 
probably have a money-saving answer 
to your pumping problems $1 


VITALITY OF WORTHINGTON RESEARCH 
PROGRAM is shown by the more than 300 
articles in the technical press during the 
past five years by Worthington people 
This flood of informative technical litera 
ture not only reflects our ability to keep 
pace with the changing hydraulic require 
ments for modern pumps, but also high- 
lights the important contributions by 
Worthington to the knowledge of pumps. 


s 
— 


FAMOUS KARBATE "NON-METALLIC CHEMICAL PUMP, 
vr by National Carbon 
Compat Now u'll be able to buy this pump trom 


made of imperviou 


Wort ‘ton. Karbate pumps include motor-mounted 
(close upl d) and frame-mounted units with pa 
tic inging tror to 1500 gpm at he ids to 110 feet 


at nvent tor peed 


WORTHITE TYPE CNG CENTRIFUGAL CHEMICAL PUMP. 
ous stainless Worthite provides best all-round 


metallic corrosion resistance in a standard pumy 
Manufactured in 27 standard size it assure ou of 
complete hydraulic coverage up to he ads of 235 feet 


and « pac ities of 2500 gallons per minute. Worthite 
type ¢ NG pumps are available with standard stuffing 
boxes, with Teflon seal cage arranged for independent 
cooling liquid, or with external mechanical seal 


Now Worthington offers you the widest 
Standard corrosion-resistant pump line 


as Karbate* impervious graphite supplements Worthite 


Karbate brand centrifugal 
National Carbon pany i Division of 


Worthington Corporation is now marketing 
pumps, manufactured by 
Umon Carbide and Carbon ( orporation, in addition to our Worthite 
centrifugal chemical pump 

In Karbate pumps 


parts in contact with the hiqu dl pumped ire made 


ol Impervious iphite making the pump cable for many corrosive 
where conventional metals or alloys are unsuitable 


Worthite pump 


service 
ilready form the broadest line of metallic centrifugal 
pumps in the industry. This coverage ts now completed by the addition 
ot the non-metallic Karbate Brand Imper ious Graphite Pumy You'll 


find Worthite and Karbate pumps yo r best bet for virtually 100 per ent 


of corrosive application 

Worthite = a high-nickel. hiwh-chror m. molvbdenum allo teel 
with 0.07 percent maximum carbon content. It is staink ind its Sta 
bilizing elements tend to pre ent itervranular corrosion 

Write today for copies of bulletins W BI4A and W.150-K cle 


ribine in detail Worthit ind hen 
Worthington Corporation, Standard Pump Division, Harrison, New 


Jerseys 


l radema Union Ca 


WORTHINGTON 


THE WORLD'S BROADEST LINE 
ASSURES YOU THE RIGHT PUMP FOR EVERY J08 


CENTRIFUGAL 
POWER 


ROTARY ° STEAM 
VERTICAL TURBINE 
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NEW SAVINGS in your operations 


ith 
0. Geekmanm OXYGEN ANALYZERS 


Pictured is the Model 


G2 Recording Analyzer— 


finest for precise oxygen measurement. 


ON OPERATIONS LIKE THESE...MAKE SAVINGS LIKE THESE 


PROCESSING 


AIR LIQUIFRACTION AND 
PRODUCTION OF HIGH PURITY GASES 


Better product quality 
with minimum oxygen or 
air contamination 


SAFETY 


PRODUCTION OF HYDROGEN, 
ACETYLENE, ETC. 


Control explosive atmospheres, 
reduce fire risks, minimize plant 
and personnel hazards 


PRODUCT PROTECTION 


RESIN KETTLES, COLOR PIGMENTS, 
PRODUCT STORAGE, ETC. 


Reduce oxidation, maintain 
product standards with 
controlled purge systems 


The various 


oxygen itself 


AMPLIFYING 
BALANCING 


cams 


Operating Principle 


applications highlighted above are only a 


few of the many ways Arnold O. Beckman Oxygen Ana- 
lyzers—industry’s great new profit builders—are being 
used by progressive operators to boost profits, cut costs. 

These are the only oxygen analyzers that continuously 
measure process streams by an advanced magnetic prin- 
ciple that provides direct physical measurement of the 


not of some secondary relationship. 


Heart of the unit, as illustrated, is a dumbbell-shaped 
test body suspended in a magnetic field. Sample gas sur- 
rounding this test body causes it to rotate in the field, 
depending upon the oxygen content of the gas. The move- 
ment of a light beam, reflected by a small mirror on the 
test body, is measured by simple electronic circuits .. . 
and the result indicated directly on a conventional re- 
corder or indicator, It's simple, positive, accurate! 


No chemicals — filaments —catalysts 


—complicated mechanical parts! 


Send for Helptul Free Literature which describes this 


When writing, ovtline your por- 


FEATURES OF THE G2 
Many ranges: full scale ranges OO 1% 


005%, 0.1% and others tor iow 0; 
concentrations Ranges 90-100%, 95 
100% 0), etc, for high O, concentra 
trons 
Multi Ranges: Any instrument may be 
supplied with two or more ranges 
Mote for ranges wider then 0-5% 
©,, ebout the Model Anoly ser. 


Page 16 


tievler well glodly supply specific intermetion. 
Ask For Data File 15A-26 


unique operating principle in detail —explains its many od- 


PASADENA, CALIFORNIA 
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(Continued from page 12) 


submit a slate of candidates for each office 


to all members who have expressed interest 
Division. Any 
this 

W 
ment of chemical & metallurgical engineer 

2028 E. Engi- 
Michigan, 


member who wishes 
list 


in the 


to be added to should write to 


Professor Stuart hill, depart 


University of Michigar 
Ann 


ing, 
neering Building, 
before March 15 


Arbor, 


Donato L. Karz 
Ann Arbor, Michigan 
Teach-the-Teacher idea Grows 
Because of your interest in the “Teach 


the-Teachers” schools, an idea advanced by 


Ken Kobe some years ago, I am writing to 


tell you about the school held [December 
9, 1955] at the Alloys Plant of Reynolds 
Metals Company, Sheffield, Alabama 

Negotiations to get Reynolds to spousor 
a school on “The Aluminum Industry 
were started .vout three years ago. Last 
spring Reynolds finally decided that such 
a program could be put on and speciti 
plans were started 

I believe you will be interested to know 
that this is the third school that the De 
partment of Chemical Engineering | Uni 
versity of Mississippi] has arranged and 
that we helped in getting a fourth school 


develope d 


1. Ammonia Technology—Sponsored by Tennes- 
see Valley Authority, Wilson Dam, Alabama 
(November 9, 1951) 

2. Applications of Catalysis in Industry—Spon 
sored jointly by the Girdler Corporation of 
Lovisville, Kentucky, and the Tennessee Val 


ley Authority, Wilson Dam, Alabama (No 
vember 21, 1952) 

3. The Aluminum Industry—Sponsored by the 
Reynolds Metals Company, Sheffield, Alo 
bama (December 9, 1955) 

4. The Vegetable Oj! Industry—Sponsored 
jointly by the Buckeye Cellulose Corporation 
and the Humko Cotton Oil Company of 
Memphis, Tennessee (November 13, 1953 


(Arranged by the chemistry departments at 
Memphis State College and Southwestern 


College at Memphis.) 


m the abn ve we have 


i pr ess 


m the unit opera 


As you can see fri 


to date emphasized schools on or 
industry basis rather than « 
for 


tions basis, this plan being more suitable 


this section of the country. Furthermore 
we have always included our chemistry 
brethren in the schools. A total of twenty 


eight chemistry and chemical engineering 


schox ils have 
Alumi 


teachers from the following 
signified their intention to attend the 
Vanderbilt University 


Southwestern Col- 


num Industry School 


Mer 


phis State College, 


(Continued on page 22) 
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Conall, 0. Bockman 
— 
ISSION STREI | 


designed and 
built for 
maximum efficiency 


Typical of the high-production, cost-cutting 
Boker Perkins chemical pr ing equipment is this Universe! Vacuum 
Mixer, size 15 TWEM. Working capacity 100 gallons; tote! 175 gallons. 
Constructed of Stainless Steel, jacketed for 125 psi heeting or cooling. 


BAKER PERKINS INC. 


ry Chemical Machinery Division + Saginaw, Michigan 
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High bulk . . . loose weight density as low as 5 Ib. 
per cu. ft.—Micro-Cel “fluffs up" any compound with 
a minimum addition. 


Absorbs up to 6 times its weight in water—Micro-Cel 
remains a free-flowing powder even after absorbing 


more than twice its owa weight of liquid. 
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calcium silicates developed by 


Johns-Manville Research 


MICRO-CEL... 


Check its different combination of 
properties ...it may hold the key to 
lower costs and product improve- 
ments in your process formulations. 


Johns-Manville’s new Micro-Cel line can pro- 
duce many desirable effects as the following 
examples illustrate. 


LAr 


Absorption of Liquids— Micro-Cel will absorb 1 to 2% 
times its weight of liquids and still remain a free-flowing 


powder. 

Uniform Dry Dispersion—Different Micro-Cel grades 
with particle sizes as low as .02 microns and particles 
of rounded to spherical shape provide fast, uniform 
blending without segregation. 

Viscosity Control— Various degrees of viscosity up to a 
paste or semi-solid can be achieved by adding relatively 
small quantities of Micro-Cel. 

Anti-caking Agent—Micro-Cel’s high absorption and 
fine particle size of less than 0.1 micron effectively control 
caking of deliquescent products and insure flowability 


even alter prolonge d storage. 


Bulking Agent 


terially increases the bulk of dry powders 


A small percentage of Micro-Cel ma- 
allows con- 


trol of package density 


Pigment Extender 
fine particle size and large specific surface, combined with 


inertness, indicate its value as a pigment extender 


Micro-Cel's surface characteristics, 


Suspension Agent— Micro-Cel’s different combination 


of properties provides aid in suspension of heavier solids 


Flatting Agent—Micro-Cel’s high absorption, fineness 
and particle shape indicate its value as a flatting agent. 


Reinforcing Pigment— The combination of fine particle 
sive, particle shape, and wetting characteristics suggests 


the value of Micro-Cel as a reinforcing pigment. 


Some Proven Uses 


Micro-Cel has already been proven as offering outstand- 


ing advantages as an absorbent-grinding aid for high 
liquid concentrate insecticide wettable powders, as an 


-CEL 


A PRODUCT OF THE CELITE DIVISION 


Vol. 52, No. 2 


SYNTHETIC CALCIUM 
SILICATE 


Chemical Engineering Progress 


anti-caking agent in fertilizers, insecticide dusts, cleansers 
and detergents. Additional uses are being explored in 
Johns-Manville’s Research Center 


Chemical Composition 


Developed after years of research and experimentation 
by Johns-Manville, Micro-Cel is produced by the chem 
ical combination of lime and diatomaceous silica under 
caretully controlled conditions. Asa result, specific grades 


are available offering a wide range of physical properties 


RANGE OF PHYSICAL PROPERTIES 


Color white or off-white 
*Absorption, % by weight 
Water 300. 600 
ou 275-500 
Bulk density, Ib. /cu. ft 5.15 
Ultimate porticle size, micron O2 te 07 
pH 80-100 
Moisture (free), wt, % 5-8 
Refractive index 152.1.55 
95.175 


Available surface area, sq.m. /gm 


Samples Now Available 


Mic ro- el snow available for laboratory and produc thon 
Write to Johns Manville for further data on 
An engineer from ]-M’'s Celite 


evaluation 
your specific problems 
division will he glad to work with you in adapting 


Micro-Cel to your own particular requirements. Mail 
coupon today 

Johns-Manville, box 60, New York 16, N. ¥ CEP 12 
In Canada: Port Credit, Ontariw 

| Please send additional data and samples of Micro-Cel 
| Iam interested in formulating the following products 
| Please have local representative contact me 

1 Name 

| Positior 

Company 

| Address 

i City Jone State 


| 


Here the new LESLIE “HI-FLO” Water 
: Reducing Valve with 50% more capacity 


HERE 1S THE ALL NEW Leslie Reducing Valve with capacity-regula- 
tion features that have never been offered before. Here is a 
regulator with 50 - 100% greater capacity by actual test.* 
Here's the unbeatable combination of design features 
“HI-FLO" Large bow]! construction; long stroke diaphragm 
gives full flow of water and other non-corrosive liquids. 


FULLY BALANCED The main valve, fully balanced by 
lower diaphragm, virtually floats to provide smooth, 
friction-free, throttling action 


DROP-TIGHT SHUTOFF Resilient seating dise provides 
tight closure under all conditions 
Unique construction of “Hi-Flo” Re- TROUBLE-FREE DESIGN Chatter and hammer elimi- 
ducing Valve. Note the small lower nated; no piston cups or seals to clog or change. Corrosion 
diaphragm that provides fully bal- resistant trim with renewable interchangeable fit 


anced, floating action Ask your Leslie Engineer to show you how the exclusive Leslie 


“Hi-Flo” valve can be used to your advantage in water reducing 
stations, fuel oil pressure control, process lines, et« He's in 
your classified direetory under “Valves” or “Regulators” 


*Write today for Bulletin 553 for graphic performance com- 
parison and complete capacity data. 


REGULATORS AND CONTROLLERS 


LESLIE CO., 241 GRANT AVENUE, LYNDHURST, NEW JERSEY 


CONTROLLED QUALITY MEANS QUALITY CONTROLS 
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Struthers Wells now offers a line of Standard heat 

exchangers—in sizes from 20 to 400 square feet 

of surface—including fixed tube sheet, floating 

head and U-tube units. Condensers, coolers, heat- 

ers and reboilers can be supplied in single and 
multipass tube arrangements. 

Standard 

heat exchang- 

STRUTHERS WELLS PRODUCTS 


PROCESSING EQUIPMENT DIVISION 
Crystoliizers . . . Divect Fired Heaters 
Evaporators .. . Heot Exchangers . . . Mixing 
and Blending Units Quick Opening Doors 


er construction 


includes materials of carbon steel, non-ferrous 


alloy, and stainless alloys Type 304 and Type 316 
Equipment meets highest construction standards, 
including ASME Code and TEMA Class A. 
Typical units are illustrated above, including a 
partial view of those in stock, ready for immediate 
shipment. Standardization of design and quantity 
manutacture enables us to offer this equipment at 


very reasonable cost. 


Any Size Available for Quick Delivery! 


el STRUTHERS WELLS Corporation | 


MACHINERY DIVISION 
MACHINERY for Sheet ond Srructural Metal 
forming . . . Tangent Benders Folding 
Mochines Roller Teble and Tumble Die 
Bending Mochines Press Brokes Punch 
ng ond Notching . . . forming Dies 


WARREN, PA. 


Chemical Engineering Progress 


Piants at Warren, Pa. 
and Titusville, Pa. 


Offices in Principal Cities 
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Ace Panian .. , odorless, tasteless, rigid 
polyethylene. Best chemical resistance of 
any plastic at room temp. except to acetic 
acid, Excellent impact strength at sub- 
zero temp. Rigid pipe 44” to 2”. Bul. 351 


Economical, universal protection 
against all alkalis, metallic salts, 
practically all inorganic acids, 
hydrochloric acid any strengthy 
sulphuric to 50%, nitric to 
20%, phosphoric to 75%. 

Good to 160 deg. F.... 
sometimes higher. Soft 

rubber interlayer aids 

shock resistance, 


THE 


netatliic Acid 


Pump 


On job after job, this 80-gpm. centrifugal 
pump has earned highest praise. Hard 
rubber casing and impeller, Hastelloy 
C shaft. Handles nearly all corrosives. 
Mechanically simple, trouble-free. Bulle- 


tin CE.55. Larger Ack pumps available. 


SPECIAI 


‘Trini 
Fil iGS 


NEED 


If you want life-time corrosion protec- 
tion for special parts needed in quantity 

. we may save for you by molding them 
of Ace hard rubber or plastics to your 
Our facili 
Ask for 


most exacting requirements. 
ties among world's largest. 
recommendations, 


__ACE processing sa of rubber and plastics 


AMERICAN HARD RUBBER COMPANY 


93 WORTH STREET + 


NEW YORK 13, N, Y. 
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University of Alabama, 


at Memphis 
University of Mississippi 
FRanK A NDERSON 


lege 
and the 


University, Mississippi 


“Professional Standards” 


published a 
the 
had 
me 
iblic 
last 


Your November [1955] issue 
very timely 
“Professional 
the good fortune to 
discussion of this report 
Relations Committee 
month. [ November | 


and important message in 
tatement. | 
participate in 
when the P 
met at Detroit 


Standard 


TROYAN 


North Haven, Connecticut 


On the Future of Education 


Few can disagree with Dean Elgin’s 


summary of what has happened in the 


the 


past 
trends in 
(“Engi 
of the 


and his analysis of present 


chemical engineering educatior 


neering and chemical ring 
future,” J. J 
1955). As 
like a 


However, | 


engine 


said, “There is 


Elgin, ¢ December, 


someone has 
tacts 
do 
ments on his predictions 
distant 


nothing few to stop an argu 


have a tew com- 


ol 


ment.” 
what may occur 
in the future 


As 


over 


an advocate of engineering science 


must concede it 


the 


twenty years I 
the 
engineering curriculum but | 


the 


for 


will become backbone of chemical 


cannot 


the 


agree 


that it may become basis for entire 


subject matter in engineering 


It is of course the responsibility of the 
vith 


ental 


and universities to furnish u 


the 


colleges 
well-trained in fundan 
idea of the 


of industry t 


people 


and with som atmosphere and 


problems wether with the 

ble ms 
good 
ral 
actually teaching 
I think not 


financial sup 


reter t 


sire to solve these pre 
But will industry ever be able 
students 


of 


chemical engineering practice 


and aptitude 
to d aA 


job in providing with a jen 


education, in the sense 


Industry can and should give 
I would, he 


well 


ywever, much p 


qualified as educators im 


people 


colleges assume this res ibility 


pon 
numbers of trained 


that 


On the subject of 


men, we should all agree industry can 


make well-trained bril 
liant engineering scientists, but 
people well 
fundamentals of 
field of knowledg 


with 


good use Oa fete 


we need a 


great young trained im 


the 
broade 


municate one anoth 
ideas to others 

looking 
young 


process 


In brief, what we need and ; 


to the 


pote tial 


lleges to produce for us are 


executives for the 


dustries 
Donatp B, Keves 
New York, N y 


(Noted and Quoted on page 28 


February, 1956 
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ALLIS-CHALMERS 


Granular Product 
Meet Consumer Demand 


1 Recovery operation 
starts with unaccept 
able minus 30 mesh 

chemical salt fines created 

in original process, 


2 An Allis-Chalmers 
heavy duty compact- 
ing mill is the princi- 

pal component in the recov- 

ery system. The flakes or 
slabs illustrated are the re- 
sult of mechanical densifica- 

tion in the compacting mill. 

An Allis-Chalmers two-pair 

high corrugated roller mill is 

used to granulate flake Fi- 
nal separation is made in the 

Circle sifter — an Allis- 

Chalmers gyratory screen 

An 80% to 90°) recovery of 

salable product is effected 


Compacting Mill 


3 The resulting granules 
(100°, minus 3 mesh 
and 100”, on 1O mesh) 

equal or surpass natural 

product in every respect. Re- 
constituted product differ 
little from parent product in 
abrasion test Other test 
have proved the compacted 


granule superior incontrolled 
wlubility, Granulated prod 


For complete infor- 


uct = more untform in parti 
representative or cle size. flows more freely and 
has better “eye-appe al 
Wisconsin, for Bulle- 
tin 25C61774J. Circle is on Ailis-Chaimers tedomert 
ALLIS-CHALMERS 
Circle Sifter 
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REDLER CONVEYOR-ELEVATOR 


REDLER CONVEYOR ELEVATOR 
SYSTEM provides water 
; > treatment for Village of Clyde 


ZIPPER CONVEY OR-ELEVATORS 

re =a" The municipal water treatment plant at the Village of 
Seem Clyde, Ohio, contains twin S-A Rediler loop boot ver- 
fm tical and horizontal conveyors for delivery of hydrated 

lime and soda ash. 
inherently economical, this type Redler requires no 
boot pit since loading pointis only slightly above floor 
level. Furthermore, no special feeding apparatus is 
needed. Bulk materials which have a tendency to 
aerate are fed to the return side of conveyor loop. A 
seal in the load is thereby created, permitting material 
to move smoothly and in a solid column to point of 
discharge. Minimum space requirements for this S-A 
systemis animportantfactorin small plantinstallation. 
As was true at Clyde, simple adaptations of standard 
S-A conveyor products very often provide extremely 
low cost and efficient bulk material handling. In fact, 
odie Stephens-Adamson's wide product range and versa- 
tility can often provide a conveying system that is 


TYPICAL REDLER ARRANGEMENTS 


VIBRATING SCREENS 


~~ 


BIN GATES-— ALi KINDS 


Loop Boot L-Type Elevator- Z-Type Elevator- Vertical Closed Special Elevator- 
Elevators Conveyor Conveyor Circuit Elevator Conveyor 


STEPHENS-ADAMSON CO. 


FREE 57 Ridgeway Ave., Aurora, Ili.—Los Angeles, Calif.—Belleville, Ontario. 
orcut BIN DISCHARGERS 
BULLETING ENGINEERING STANDARD SEALMASTER 
AVAILABLE DIVISION PRODUCTS DIVISION 
"lg ( (8, d ©) ON ALL : Aw Designers and manu- DIVISION A full line of industrial 
‘\ THESE facturers of all types of A complete line of con- ball bearing units avail- 
PRODUCTS bulk materials convey- veyor accessories —cen- able in both standard 


SEALMASTER BALL BEARING ‘ “ ing systems. trifugal loaders—car and special housings. 
UNITS pullers—bin level con- 


trois, etc. 


Page 24 Chemical Engineering Progress February, 1956 


3 VIBRATING CONVEYORS GW THE \ 
| | 
bt 
| | | £ 


FOR VITAL FLOW CONTROL 


be pn ER you're developing a new process or modernizing an 
old one—investigate the unique characteristics of the bear- 
ingless Pottermeter. 
This electronic flowmeter—easily installed in any type of piping 
to operate at any angle, at any pressure and at temperatures 
from 150 to +1200°F, measures flow of any liquid with 
an accuracy of +'% of 1% 
Pottermeters are available to measure flows as low as 0.07 

GPM or as high as 3,000 GPM. The inherently linear 

output of the Pottermeter makes it ideal for systems 
to control either flow rate or total flow. 


Find out how the bearingless “floating 
rotor” used in the Pottermeter can give 
you more precise flow measurement, longer 
trouble-free service life, and more accurate 
flow control. 


Write for Bulletin PS-1 


POTTER AERONAUTICAL COMPANY 
Route 22 + Union, New Jersey + Phone MUrdock 6-3010 
Makers of “Potter Engineered” products 
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View of assembly bay Eimco Filter Division. In the foreground is shown 
120 sq. ft. pan filter, all stainless steel construction for phosphoric acid. 


SPECIFY EIMCO FILTERS FOR GUARANTEED PERFOMANCE 


Eimco filters are built to meet the exacting dewatering and cake removal. Materials of 


requirements of process engineers all over the 
world. 

The wide range in types of filters available 
at EIMCO include both vacuum and pressure 
designs in: Drums, Discs, Agidises, Top Feed, 
Dewaterers and Dryers, Pans, Tubular elements 
and Plate and frames. Each of these designs 
is available with numerous attachments for cake 


construction are selected with regard to the 
material to be filtered. 


Every filter job receives individual attention 
at Eimco. The Eimco filter delivered in your 
plant provides you with the finest filtration 
equipment you can buy at any price and with a 
machine guaranteed to perform on your product. 


THE EIMCO CORPORATION 


Salt Lake City, Utah—U.S.A. e Export Offices: Eimco Bidg., 52 South St., New York City 


New York, N.Y. Chicage, Sen Frencisce, Calif. Paseo, Te: Birmingham, Ale Ovivth, Minn Kellogg. ide Beltimore Md Pittsburgh Pe Seettie, Wosh 
Pecedene, Calif. Hovston, loxes Vencouver, 8.C. Londen, Engiend Wely South Africa 
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* Selective * Highly 
active 
* Resistant 
to poisoning * Economical 


Moly catalysts are versatile 


Because of its versatility, molybdenum is one of the most widely 
— used catalytic elements. As a transition element, it has 
a the incomplete inner shell of electrons needed for catalytic activity. 
Ease of transition from one to another of its six valence states 
allows it to function readily as an electron acceptor or donor. It forms 
a variety of compounds in all valence states, most of them 
resistant to common catalytic poisons. Commercially, 
molybdenum catalysts are used in seven types of reactions 
oxidation, hydrogenation, dehydrogenation, isomerization. 
cyclization, chlorination and condensation. Promising results 
have been obtained in dehydration, polymerization and alkylation 
For complete data write Department 25, Climax Molybdenum 
Company, 500 Fifth Ave., New York 36, N. Y. for our bulletin, 
“Molybdenum Catalysts for Industrial Applications.” 


CLIMAX MOLYBDENUM 


Courtesy of Hoffritz jor Cutlery, 331 Madison Avenue, New York 


Use the moly key 
fo better catalysts 
on 
— = RS 
Cia” 
\ 


NOTED AND 


Goobers and Geraniums 


Once it was silver and gold that 
lured prospectors to these wide open 
spaces [Virginia City, Nevada]. To- 
day, of course, it’s uranium. One old- 
timer was mighty mystified by the new 
invaders. “Dunno what this excitement 


is all about,”” he confided to a reporter 
from the Louisville Courier-Journal 


“Fust thing I knew was when some 
feller come on the place with a contrap- 
tion called a Goober counter and seemed 


| hell-bent on huntin’ for geraniums.” 


Bennett Cerf 


Trade Winds, Saturday Review 


Science and Art of Engineering 


The art aspect of engineering 


seems to have fallen into ill repute; 


become associated in the minds 


it has 

| of many with rule-of-thumb methods, 

| with handbook engineering, and with 

Only CONSECO Offers Such SERVICE the use of empirical methods when ra- 
| tional approaches might better be em- 

ployed Jecause certain phases of the 


CONSECO SERVICE is two-fold. On one hand, our engineers art have been recognized as undesirable 
will design, redesign, build, erect, and install practically and subprofessional, there has been a 


definite tendency to conclude that all 


oo ing in eS power owe ical processing of the art of engineering 1s undesirable 
plant except the building, electrical equipment, and turbo- and subprofessional. Nothing, of course, 
generator. On the other hand, we will dispatch an expert could be farther from the truth. White 
the routine phases of either the art or 

crew to your plant for retubing, rebuilding, and main- the science of engineering are frequently 
tenance of any type of tubular equipment, or metallizing ubprofessional in character, the judg 
‘nt and imag tion olved »jthey 

. ANY HOUR, DAY or NIGHT, SUNDAYS and HOLIDAYS. 
Conseco’s coordinated manufacturing and maintenance ser- by the art—may well represent the 
vices meet every need in the Power and Processing fields. highest form of professional expres 


sion. The betterment of our environ 
ment depends on what is done rather 
than on scientific complexity. Creative 
ness should be measured by its potential 


CONDENSER SERVICE & ENGINEERING CO., INC. <i['\\tin 


Hs sy of Equipment for Power, Refining, Chemical and Marine Industries by emphasis on either science or art 


\ as 64 Bloomfield Street Herein lies the paradox of profes- 
Sw HOBOKEN, N. J. sional education in engineering: that 
emphasis on the basic sciences and 


Equipment Designed and Built by CONSECO | coca 


to encourage systematized thinking 


influence on human welfare rather than 


Conseco and its subsidiaries design, build, Heat Exchangers and so to inhibit the development 
and install power and processing equipment Condensers of judgment and imagination—quali 
and accessories, some of which are listed Evaporators ties essential to the highest type of 
here. Purchasers of Conseco equipment bene- Steam Jet Air Ejectors professionalism. If, in the name 


fit from our maintenance division's quarter 
century experience in rebuilding, moderniz- 
ing, and maintaining our own as well as com- 


of professionalism, engineering educa- 


Steam Generators 


tion veers too far in the direction of 
Pressure Vessels 


science, that part of the art that exem- 


petitors’ equipment. This coordination assures C&trifuges plifies truly professional practice can 
easy accessibility for maintenance and low Filters and Strainers be crowded out, thereby leading only 
operating cost. Send for bulletins covering Pumps, Instruments, to a high type of vocationalism—to 
equipment in which you are interested. Specialties scientific vocationalism. As soon as any 


~ (Continued on page 32) 
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Here’s how to solve your 


VAPOR PHASE 
ADSORPTION PROBLEMS 


with 


Solvent Recovery 


Provides proven perform- 
ance and distinct Cost sav 
recovery 


ings im solvent 


sy stents 


TYPICAL BPL APPLICATIONS 


Gas Purification 


Ideal for purih 
canon of many 
chemical and 
petrochemical 
gases. Example 
Removal of sul 
fur impurities 


Catalysis 


Excellent cata 
lyst and cata 

t lyst support in 

production of 
vinyl monaom 

ers and simular 
applicauons 


z 


Hydrocarbon Separation 


Ideal for separaung 
higher molecular 
weight hydrocar 
bons from gas 
streams 


Air Purification 


Used in indus- 
trial air condi 
tioning and 
purification of 
air required for 
aerobicter 
mentauon 


Odor Removal 


< ~ = 


Used wo reduce harmful 
and odoriferous 
nents in waste 


minimal concentrauons 


compo 


gases 


than any other similar 


vantages: 


1. Controlled pore size 

2. High surface area 

4. High density 
activity 


high volume 


COAL CHEMICALS © 


Vol. 52, No. 2 


PROTECTIVE COATINGS 


PLASTICIZERS « 
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ACTIVATED CARBON 


Pittsburgh Activated Carbon 


Pi rSBURGH Type BPL Granular Activated Carbon is 
specifically designed to solve vapor phase adsorption 
problems more efhciently and at appreciably lower cost 
material 


COKE 


Made from a selected 


grade of bituminous coal under rigidly controlled con- 
ditions, Pittshurgh BPL offers you these important ad- 


i. Chemical inertness 
5. High thermal stability 


6. Range of mesh sizes 


And, due to its unique raw material base, Pittshurgh 
BPL Granular Activated Carbon costs far /ess than other 
carbons of equivalent performance characteristics 

Write today for samples and full information on prices 
and specifications of Pittsburgh BPL Activated Carbon. 


“e sels 


CEMENT © FIG 
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FLOW, LEVEL, or DENSITY TRANSMITTER —Differential Type 


Available with differential ranges 
as low as O-—0.6" H2O (ranges 
this low are exclusive with the 
Republic Transmitter) and as high 
as O—750 psi. Range may be sup- 
pressed up to 80% of full scale for 
density or level measurements. 


PRESSURE and ABSOLUTE PRESSURE TRANSMITTER 


Pressure ranges from O—1" H2O 
to 0— 2000 psi. May be easily 
adapted for absolute pressure 
ranges from O—25 mm Hg to 
O—100 psia. 


FLOW TRANSMITTER — Square Root Extracting Type 


Automatically extracts square root 
function from flow measurements, 
permitting use of uniformly grad- 
uated charts and linear control 
devices. Available in all standard 
differential ranges. 


LIQUID LEVEL TRANSMITTER—Bouyancy Type 


Ranges to suit most applications. 
Can be used to measure level in 
closed tanks under pressure. Can 
also measure liquid-to-liquid 
interface. 


LIQUID DENSITY TRANSMITTER—Bouyancy Type 


Makes continuous density meas- 
urement of flowing liquids at line 
pressures to 300 psi. Fast response. 


PNEUMATIC or PNEUMATIC-ELECTRIC 

TRANSMISSION 
Special electrical meter body avail- 
able for use with most Republic 
Pneumatic Transmitters. Permits 
locating pneumatic transmitter at 
metering point to cut piping costs 
and keep dangerous fluids out of 
control rooms. 


Here’s Force-Balance* Accuracy and Ruggedness in 
4 Complete Line of Pneumatic Transmitters . . . 


for Measuring 
FLOW — PRESSURE — 
LEVEL — DENSITY 


Republic Pneumatic Transmitters 
are as simple in operating principle 
as a laboratory weigh scale — and 
just as accurate! The only real 
difference is that forces instead 
of weights are balanced for a 
measurement. 


This force-balance principle both 
permits and requires the use of 
strong, durable construction. That's 
why Republic Transmitters can be 
ruggedly built for low mainte- 
nance without sacrificing accuracy 
and sensitivity. Standard models 
are guaranteed accurate to 2% 
of full scale. 


Range Flexibility — Changing 
ranges is merely a matter of shift- 
ing leverages in Republic Trans- 
mitters. Ranges may be changed 
as much as 2-1 on standard mod- 
els, as much as 10-1 on double 
weighbeam models with no 
change of parts. Suppressed, re- 
versed and compounded ranges 
are also readily available. 


Corrosion Protection — Since 
process fluids are isolated to a 
small measuring chamber, special 
materials may be used for corro- 
sion resistance. Minimum move- 
ment of fluid in chamber cuts 
maintenance when transmitter is 
used with dirty or viscous liquids. 


These are but a few of the many 
teatures found in Republic force- 
balance Transmitters. Write for a 
free copy of Data Booklet with all 
of the details and complete 
description of various types. 


% ina force-balance p tic transmitter, 
a force produced by the process variable is 
balanced against ao pneumatic pressure. The 
amount of air pressure required to produce a 
balance is proportional to the process variable 
ond may be conducted to remote reading 
instruments or used as the measuring impulse 
for an automatic controller. 


REPUBLIC FLOW METERS CO. * 2240 Diversey Pkwy., Chicago 47, Illinois 
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DIAGRAM 
FOR COOLING AND FLAKING | 
FUSED CRYSTALLINE SOLIDS 


vorator 
COOLING UNIT 


Controlled supercooling Heat-transfer 


NEW PROCESS for flaking fused crystalline solids employs 
VoTATOR*® Heat-transfer Apparatus for continuous ; 

o GIRDLER DESIGNS processes and plants 
supercooling under precise mechanical control. Applications 
include DDT and similar compounds (methoxychlor), which 
on cooling from the melted state supercool to a marked degree. GIRDLER MANUFACTURES processing apparatus 


The VoTATOR Heat-transfer Apparatus supercools them to 


GIRDLER BUILDS processing plants 


VOTATOR DIVISION: 


a slush or semi-solid. 
This automatic continuous process permits very accurate 
Continuous Processing Appereatus for... 
control of crystallization temperature and other solidifying 
Cook Sulfot tut ation G 
conditions. As a result, the flaking material has a uniformly 
ooling Nitration Paper Coating 
fine crystal structure with excellent grinding properties. With- Controlling Heat Crystallization Paraffin Wax 
‘ 
out such continuous, positive control, crystallization can be of Reaction = Polymerization Synthetic Wax 
retarded, or the akes Can become waxy and difficult to SAMonation Shaving Cream And other Products 


grind properly. The system is completely enclosed, eliminating 
danger to personnel from toxic compounds. Automatic opera- 


tion reduces labor requirements and 
‘rmits efficient Operation at various pro- the 
pe i Company 


duc rates 


VoraTor Heat-transfer Apparatus can 
ff, A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
improve efficiency and product quality in LOUISVILLE 1, KENTUCKY 
many processes suc h as listed. Write for VOTATOR DIVISION: New York, Atlenta, Chicago. Sen Franciece 
copy of Heat Transfer Data Book. GAS PROCESSES DIVISION: New York. Tulse. Son Froncises 
in Canada: Girdles Corporation of Canada Limited, leronte 


*VOTATOR Trade Mart Reg US Pat O8 
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IMPROVED 
CONDENSING 
_and Cooling of Reflux 


Niagara Acro Heat Exchangers at a Plant of the Heyden Chemical Corp. 


Get Better Control 
of Distillation Product 


@ Liquid or vapor temperatures are always held constant by the 
Niagara “Balanced Wet Bulb” control method of evaporatively 
cooling or condensing, which automatically varies the cooling 
effect proportionately to the load. The distillation product is 
therefore uniform throughout all changes in climatic conditions 
the year around; it is the same in the heat of summer as in the 
freezing cold of winter. Continuous maximum production is 
thus insured, 

Non-condensibles are effectively separated at the condensate 
outlet, with notable sub-cooling after separation for greater 
vacuum pump efficiency. 

NIAGARA AERO HEAT EXCHANGERS give sustained 
full capacity in cooling and condensing with no dependence 
on cooling water ... eliminating problems of water supply, 
availability, temperature, or quality. 


Por full information write for Bulletin 120 


NIAGARA BLOWER COMPANY 


Over 35 Years of Service in Industrial Air Engineering 


Dept. E.P., 405 Lexington Ave. New York 17, N. Y. 
District Engineers in Principal Cities of U.S. and Canada 
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NOTED AND QUOTED 


(Continued from page 28) 


area of knowledge becomes systematized 
it becomes largely subprofessional in 


character. . .. If a thing is systematized, 


| it can be mechanized; or, if mechaniza- 


tion should be found uneconomical, it 
can be highly organized for inexpensive 
and subprofessional operation 

Let us not, then, in our effort to raise 
the professional character of engineer- 
ing education, mistake scientific content 
for professionalism, nor mathematical 
complexity for engineering achievement. 
Let us rather recognize that art as well 
as science is intrinsic in the profession 
of engineering, and strive for a balance 
between the two. Let us not pit the 
one against the other, but draw on the 
fullness that each can offer for our edu- 
cational program. 

This plea for a recognition of all 
that the art of engineering can ofier 
to engineering education is in no sense 
a plea to weaken the role of science. 
Indeed it is the for 
only when science and art complement 
each other can truly 
effective in engineering. Then—and 


reverse of this, 


science become 


| only then—can science support a struc- 


ture that extends far into the 
greater realm of conflicting realities 
which is the true domain of professional 
engineering 


John 8. Wilbur 


in Civil Engineering 


Men of the Hour 


Total research outlays are now run- 
ning at close to a $5 billion annual rate, 
not including capital outlays for re- 
search equipment. About 70 percent of 
this enormous research effort is being 
conducted by private business, which: is 
now employing upwards of 100,000 re- 
search engineers and sup 
ported by a_ still larger 
laboratory, clerical, and administrative 
personnel. 

Over 700 engineers and scientists are 
at work on research problems in the 
textile industry; over 1,200 in the stone, 
clay, and glass industry; over 1,700 in 
over 2,000 in the non- 


scientists, 
number of 


primary metals; 
electrical machinery industry ; more than 
13,000 in the various branches of the 
chemicals industry. On average, Ameri- 
can industry is now employing one re- 
scientist for 140 factory 
one research employee (includ- 
workers ) 


search every 
worker 
ing scientist 


for every 


and supporting 
55 factory workers 
Martin R. Gainsbrugh 


in Stanford Research Institute Bulletin 


(Marginal Notes on page 36) 
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4 
Series Durcopumyp ((( Series Durcopump 
~ 
2 ( 


Eldorado Mining and Refining, Limited, a Crown Company, 


processes uranium to a Metal Grade Oxide 


DURCOPUMPS and DURCO valves were chosen to provide 
long service life with minimum maintenance. For complete 
details regarding this and other DURCO chemical service 


equipment, contact your nearest DURCO engineer or write 


THE DURIRON COMPANY, INC., DAYTON 1, OHIO 


Branch Offices {tlanta, Boston, Buffalo, Chicago, Cleveland, Detroit, Houston, Knoxville 
Philadelphia, Putshurgh ¢ Represented in Canada hy Shawinigan Chemicals. Limited 


Exclusive Milton Roy 
STEP-VALVE LIQUID END 


Double ball checks, sloping 
passages and absence of air 
pockets assure highest pos- 
sible volumetric efficiency 
Should a solid particle lodge 
under one suction ball, for 
example, second suction ball 
will seat on discharge stroke, 
thereby preventing fluid from 
being pumped into suction 
piping 


Standard motor-driven Controlled Vol- 
ume Pump being tested for accuracy by 
independent research organization. For 
details of test procedures and results, 
write for Technical Paper No. 55-1-1. 


Required accuracy for 
metering process additives 


HE INHERENT accuracy (within + one percent) of Milton 

Roy Controlled Volume Pumps can solve your chemical 
metering problem. As flow controllers, these units simul- 
taneously meter and pump process fluids. As ratio con- 
trollers, they maintain a fixed relationship between addi- 
tives and process streams. As final control elements they 
contribute to accurate regulation of pH and other process 
variables. 
There is a Milton Roy Controlled Volume Pump or chem- 
ical feed system for practically every chemical metering 
need. Capacities range from 3 milliliters per hour to 45 
gallons per minute, with flexible adaptations for manual or 
automatic control of pump capacity. Pressures up to 
50,000 psi. 
Write for application data contained in the bulletins listed 
below. One of these will probably suggest the simple, eco- 
nomical solution to your chemical metering problem 
Bulletin 455 “Controlled Volume Pumps in Paper Making” 
Bulletin 953 “Controlled Volume Pumps in Industrial 
Water Treating” 
Bulletin 1253 “Controiled Volume Pumps in Process In- 
strumentation.” 
Milton Roy Company, Manufacturing Engineers, 1300 East 
Mermaid Lane, Phila. 18, Pa. 


mifton 


Engineering Representatives in the United States, Caneda, Mexico, Evrope, Asie, South America and Africa. 
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DYNALOG’S 
EXCLUSIVE 
BALANCING 
ACTION 


no slidewire 
no botteries 


no stendardizing 
ears, cables, etc. 
speed 


ne bigh- 


reversing motor 


STEPLESS CAPACITY-BALANCING 
ELIMINATES STANDARDIZING! 


Here’s the potentiometer that’s never “off 
process” for standardizing. It requires none! 
The Dynalog’s advanced, stepless-balancing 
design eliminates dry cell, provides direct, 
uninterrupted evaluation of the measured 
variable with sustained high accuracy 
Dynalog* design eliminates slidewire 
maintenance and motor servicing too! A 
simple, variable capacitor and positive 
magnetic drive provide smooth, continu- 
ous balancing action . . . instant response 


Reg. U.S. Pat. Of 


without wear. There are no fast-moving 
parts... no gears, cables, or complicated 
mechanisms. Only five moving parts, in- 
cluding the recording pen! 

Dynalog Instruments are available for 
use with resistance, voltage, capacity, or 
inductive type primary elements to measure 
and/or control any process variable. For 
complete details, write for Bulletin 427, 
The Foxboro Company, 932 Neponset 
Ave., Foxboro, Mass., U.S.A. 


*Reg U.S. Pat. Of 


BORO pyna.oc 


ELECTRONIC INSTRUMENTS 
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LOOKING 
FOR 


Mass-Transfer Operations. 


CORROSION-RESISTANT 


Don't look no more—specify CLEVELAND Wire 
Screens for YOUR next installation 


Available in all corrosion-resistant metals and 
alloys, such as: 
Staintess Steel 
Monel 
Nickel 
Silver 
Copper Alloys 


CLEVELAND Wire Screens are de- 
signed for longer life and better 
service 


Woven to individual specifications for every 
purpose in any size or dimension, such as 
Vibrating Screen Sections, Filter Segments, 


Strainer Elements, Centrifuges 


Easy to order—send us your requirements. 


STRAINERS AND FILTERS 


CUSTOM -BUKT 

Custom bull and adap 
ted to individvel needs 
Avatatne in all commer 
cal metal end alleys 


ic en A! 
me GLEVELAND 
WIRE CLOTH & MPG. Co. 
3573 East 78th Street, Cleveland 5, Ohio 


MARGINAL NOTES 


Robert E. 
Treybal. McGraw-Hill Book Com- 
pany, Inc., New York (1955), 666 


pages, $9.50. 


Reviewed by E. L. Gaden, Jr., De 
partment of Chemical Engineering, 
Columbia University, New York 


Professor Treybal's latest contribution 
to the chemical engineering bookshelf 
is a solid one. He has filled a gap, too 
long apparent, in the text and general 
reference books available to chemical 
engineers. Despite the close association 
of the mass-transfer—or diffusional 
operations with the development of mod- 
ern chemical engineering, this over-all 
province has not been adequately han- 
dled in a book. This situation is par 
ticularly noticeable in undergraduate in 
struction where existing works are, with 
few exceptions, too specialized or too 
old, Although individuals may find 
shortcomings from their particular 
points of view, Treybal’s book has never- 
theless answered the needs of the pro- 
fession rather well for the moment. 

The book is organized along conven 
tional lines, offering first a discussion 
of the principles of diffusion and mass 
transfer, followed by treatments of gas- 
liquid, liquid-liquid, and solid-fluid oper- 
ations in that order. A _ final, short 
section considers the contact of miscible 
phases, mainly dialysis and gaseous dif- 
fusion techniques 

The section on gas-liquid operations, 
comprising well over a third of the book, 
is novel in that general design features 
of the various equipment types employed 
are discussed first. Various contacting 
devices, towers, packing materials, and 
their essential performance character 
istics in terms of capacities and pressure 
After this, 
humidification, gas absorption, and dis- 
tillation are treated individually. 

In his preface the author comments 


drops, are described first. 


on the ways in which a treatment of 
mass transfer,—or any subject for that 
matter—may be organized and offers 
his presentation on the basis of his own 
experience. It is with this very organi- 
zational scheme that this reviewer takes 
primary issue, recognizing full well that 
it is purely a matter of opinion. Kather 
than continuing an artificial fragmenta- 
tion of the subject into topics like dis- 
tillation and absorption, etc., only on 
early technological uses, a more inte- 
grated and generalized approach seems 
possible without any loss of essential 
information. In our tendency toward 
generalized approaches and emphasis on 
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overlook the 
need for providing a certain tund o1 
necessary technical knowledge to the 
Professor Treybal notes this 


fundamentals, we oiten 


student. 
point, quite rightly, but it is not a con 
vincing argument for his plan. 

An alternative approach, recently in 
stituted here, is to develop basic sub- 
jects, like prediction and measurement 
of equilibrium conditions, stage calcula 
tions, diffusion and mass transfer rates, 
etc., and show how each is adapted to 
the solution of specific design problems 
in distillation, extraction, and others 
This way the fundamental approach is 
emphasized without loss of particular 
information. 

It should be added that this disagree 
ment should offer no difficulty at all in 
using the book in courses taught by 
those following a different teaching tack 
In fact there is probably a considerable 
gain if lectures and text approach the 
subject from different viewpoints 

Aside from this disagreement, two 
criticisms of some importance can be 
offered. First, the author makes no use 
of enthalpy-concentration charts for the 
solution of distillation problems. In 
view of the growing utility and popu 
larity of the method, this omission seems 
unjustified. Of course the principle is 
developed quite fully under extraction, 
but its application first to distillation 
seems easier to explain and understand, 
at least in our experience. Second, the 
newer “penetration model” for explain 
ing interphase transport should merit 
more than the footnote which it gets. It 
is true that separation process design 
methods have been pretty well limited 
to the transfer coefficient approach, but 
a page or two on the alternative seems 
a minimum requirement 

There are a few minor discrepancies 
in equations but they are insignificant 
and easily corrected. In reading over 
the book, one gets that impression of 
care and thoroughness so often lacking. 
The book is amazingly complete, yet 
certainly not overly large. In addition 
a considerable number of problems 
(without solutions to get less ambitious 
teachers busy) and a well-rounded set 
of references to the important literature 
are offered after each chapter. 

In summary, this reviewer feels that 
the book is an excellent contribution to 
the literature of chemical engineering 
Whereas it will be particularly attrac- 
tive for teaching, the completeness and 
clarity of the book should make it a 
valuable reference for chemical engi- 
neers of all breeds. 
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GOODALL 


FIRE HOSE 


GREATEST ADVANCE IN FIRE HOSE CONSTRUCTION IN OVER 
HALF A CENTURY! AMAZINGLY LIGHT, STRONG, FLEXIBLE! 


Here's the new hose that completely changes all pre- 
vious conceptions of weight, strength, flexibility and 
bulk in fire hose for Oil Refineries, Chemical Plants 
and other instalictions where oils, chemicals, greases 
and other deteriorating agents are present. Less than 
half the weight of regular neoprene covered hose, it 
has a much higher burst pressure rating, and its flexi- 
bility for surpasses any other conventional fire hose. 
The vast difference in bulk between “‘Lite-Flex' and 
regulor neoprene covered hose is illustrated above —a 
100' coil of “Lite-Flex"’ compared to a 50' coil of 
standard neoprene covered. 


The very thin, lightweight jacket combines high- 


GOODALL RUBBER COMPANY 
445 Whitehead Trenton 4,N. 
Send Complete Information on LITE.PLEX SYN-FLEX 
Sena Representative With Somples 
Company 
Address 
City Zone State 
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tensile fibres by a special weaving process that pro- 
vides exceptional strength, with highest resistance to 
pressure, wear and rough handling. A cover of gray 
latex assures long-lasting protection from chemicals, 


oils, greases and moisture penetration. 


“Lite-Flex’’ is fully rubber lined . . . seamless, multiple- 
ply laminated, reinforced construction, with a smooth 
waterway to insure unrestricted flow. Sizes 1%" and 
2%", in maximum lengths of 100 feet. 

* * 


Where exceptionally high abrasion and or chemical resistance 
is a factor, ask about “Syn-Flex" —a new hose similar in con 


struction to “Lite-Flex”, but with o black “Synplastic’” cover, 


AL 


GOODALL Company 


GENERAL OFFICES, MILLS end EXPORT DIVISION, TRENTON Ww 


Branches ond Distributors Throughout the United Stotes ond in Conede 


‘ti GOODALL... MUST 


— 


How you | ae 


can save time and 
When your blueprint calls for stainless steel 
plate, you'll want material of highest quality, 
money when your produced by specialists in the field, and deliv- 
ered to you on time. When you want all that, 
and economy too, you'll find the answer at 
blueprint calls for GO Cartons, Inc. 
As one of the leading producers of stainless 
steel plates, heads, rings, forgings, flanges, and 


other stainless components, G. O. Carlson, 
Inc. uses the finest equipment in the industry 
to fill your orders quickly, efficiently and eco- 


nomically. Clean edges are a rule of the road 


with G. O. Carlson, Inc. which means a mini- 
mum of “‘trueing up” before fabrication. Plates 
will be rolled promptly to fill special orders, 
but many of your requirements can be filled 


from what is probably the largest stock of 


controlled analysis stainless steel plate avail- 
able anywhere. 
¥ Call Carlson the next time your blueprints 


. ane specify stainless steel plate or other stainless 
ea steel products. 


Write for Carlson Weekly Stock Lists. 
Address: G. ©. Carlson, Inc. Plates - Plate Products - Forgings - Bars - Sheets (No. 1 Finish) 


Therndele, Penne. THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 
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High Speed Reduction Micron 
Sizes Attritional Heat! 
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Mass 


Sturtevant Micronizer* Grinding Machines Give 
Greater Finenesses than Tube or Roller Mills 


Leok at the record! 30 inch model re- no problems of attritional heat. Cen 
duced titanium dioxide to | micron trifugal force keeps over-sized particles 
and finer at solid feed rate of 2250 Ibs in the grinding zone. Cyclone action in 
per hr. 24 inch model reduced DDT the central section classifies and collects 
(50%) to 3.5 average microns — the fines for bagging 
1200-1400 Ibs. per hr. 8 inch model instant accessibility, easy cleaning. 
reduced Procaine—Penicillin—to 5 t0 Micronizer® Grinding Machines come 
20 microns—up to 20 Ibs. per hr in seven sizes each one constructed 
Couldn't you use milling performances = for quick accessibility and easy main 
like these? tenance (typified by the “OPEN 
Neo moving ports. The particles grind DOOR” design in other Sturtevant 
each other. High-speed rotation and equipment). Grinding chambers range 
violent grinding impact of particles are from the 2 in. laboratory size with 
caused by jets of compressed air or “% 'o. per hr. capacity to the 30 in 
steam at angles to the periphery of the size which handles up to 3000 Ibs 
shallow grinding chamber. There are per hr 

* Registered trademark of Sturtevant Mill Co 


STURTEVANT 


Dry Processing Equipment 


The “OPEN DOOR" to lower operating costs over more years 


CRUSHERS + GRINDERS + MICRON-GRINDERS + SEPARATORS 
BLENDERS + GRANULATORS + CONVEYORS + ELEVATORS 


PULVERIZING 
CONVEYING 


ae 


GRANULATING 


Please send me your Micronizer* Bulletin 


Also bulletins on machines for: 
GRINDING 


G 
SUPERFINE SELECTING 


SEPARATIN 


STURTEVANT MILL COMPANY 135 Clayton Street. Boston 
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 FLUID-JET GRINDING 
75-year tradition of successful 4 4 
Micronizer* Grinding Machine | & 5 
feeder and dust-collector, it 
the coupon on the right for 
} 
= 
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Chemicals, resins, 
grease, foods, 
pharmaceuticals, 
cosmetics, 
confectionery, 
dental and 
shaving creams, 
detergents 


with different A Complete Process Equipment Service 


° P Kettles of every description constitute but one 

types of agitators and mixers, phase of Blaw-Knox Process Equipment design, 
engineering and fabrication service for the 

heating methods, controls chemical, food, pharmaceutical, plastic and 


resin, petroleum, rubber and other industries: 
EVAPORATION + DRYING + FLAKING 
MIXING IMPREGNATING REACTION 
VULCANIZING + SOLVENT RECOVERY 
SOLVENT EXTRACTION + STERILIZING 
CRYSTALLIZATION + DISTILLATION 
POLYMERIZATION + GAS CLEANING 
GAS ABSORPTION + VAPORIZATION 
CONDENSATION + HEAT TRANSFER 
We invite your inquiries. LOW AND HIGH PRESSURE PROCESSING 


BLAW-KNOX COMPANY 
BUFLOVAK EQUIPMENT DIVISION 
1567 Fillmore Avenue, Buffalo 11, N.Y. 


There is a right kettle for every processing requirement. 
End product, capacity desired, heat source and method, 
agitation and drive, and other factors determine the 
type and size of kettle. After about 50 years of experience 
in process engineering, Blaw-Knox engineers are pre- 
pared to build the kettle to your design or engineer, 
design and construct a kettle to fit your operations. 


Makers of process equipment engineered for any pressure, temperature, capacity, reaction j BLAWANOX q 
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| THE RIGHT KETTLE FOR EVERY PROCESS NEED... 


Easy working and long life 
in chemical atmospheres 


the 


Non-ferrous working parts in the Lapp Valve eliminate freeze-ups 
from scales of corrosion. Threaded stud, yoke bushing and nuts, 
and plug cap are all brass or bronze, which keep the valve smoothly 
operative in all but the most unusual conditions of chemical at- 
mosphere. Flange, yoke and gland are of high strength malleable 
or ductile iron, and are protected with baked-on Epon-base acid- 
proof paint. Flanges are permanently bonded to porcelain or armor 


with acid-proof resin cement. Write for bulletin with com- 
plete description, characteris- 
tics, and specifications. Lapp 
Insulator Co., Inc., Process 
Equipment Division, 465 W en- 
dell Street, LeRoy, New York. 


TUFCLAD MOLDED FIBERGLASS ARMOR 
BONDED IN EPON RESIN 


SOLID TEFLON 
WEDGE RINGS 
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+e SPRING SEATING WASHERS : 
} 
| and plug cocks of MALLEABLE 
Porcelain have standard bolt IRON TRIM 
a 
L 
EQUIPMENT 
Pipe * Roschig Rings * Pulscteeder 
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Instruments and controls are substantially flush 
mounted. Temperature controls ore carefully 


selected to maintain oil 


supply temperature 


within + 2°F. Signal lights confirm satisfactory 


operation. 


A COMPLETE 


TRANSFER 


OIL HEATING 


SYSTEM 


in one compact 


1. The system is compoctly arranged to conserve space. To obviate leaks, pipe connections 


e PA Cc we A G E” a4 ore welded wherever possible. The heavy pipe insulation is securely wired and wrapped 


with cemented canvas 


2. The workmanlike electrical system provides eosy-to-troce circuits. All wire of high 
current capacity is heavy cross section. 


WHITLOCK has developed a standard “package”, with 
ratings of 10 to 50 KW, which includes heater operating 
controls and expansion tank to heat chemically stable 
transfer oils. Since these oils are liquid over considerable 


Designers and builders of bends, cotls, condensers, coolers, heot 
exchangers, heoters, piping, pressure reboilers 


temperature ranges, they are being used increasingly 
in chemical processing operations. The heating equip- 
ment, previously of special design, is now available as a 
complete, standardized unit to which only oil and elec- 
trical connections need be made in order to permit 
immediate operation. 

The combination of low liquid pressures and high 
liquid temperatures eliminates the need fo: the applica- 
tion of high pressure design techniques to many current 
processes. This new “package” effectively serves to 
reduce overall equipment costs and to simplify process 
design. 

For additional information and prices, write The 
Whitlock Manufacturing Company, 97 South Street, 
West Hartford 10, Conn. In Canada: Darling Brothers, 
Ltd., Montreal. 
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Sodium handling 
in the plant 


new book describes how 


THIS BOOK IS FOR ENGINEERS AND PRODUCTION MEN 
WORKING IN DESIGN, DEVELOPMENT AND OPERATION 
OF SODIUM HANDLING EQUIPMENT. 
CONTAINS INFORMATION SUCH AS— 
@ DETAILS OF TYPICAL SODIUM-USING PROCESSES 


® DETAILS OF EQUIPMENT INSTALLATION, 
INSULATION, HEATING, REPAIR 


@ RECOMMENDATIONS FOR SODIUM PUMPING, 
METERING, INSTRUMENTATION 


®@ SAFETY IN DESIGN AND OPERATION 


FORTY—FOUR PAGES OF DETAILED INFORMATION ON 
SODIUM HANDLING BASED ON IN-PLANT EXPERIENCE. 
NO SUBSTITUTE FOR DIRECT U.S.1. TECHNICAL ASSIST— 
ANCE, THIS BOOK WILL NEVERTHELESS PROVIDE THE 
READER WITH A SOLID FOUNDATION IN THE PRINCIPLES 
AND PRACTICES OF SODIUM ENGINEERING. AVAILABLE 
FROM U.S.1, WITHOUT CHARGE. 


SODIUM ~~ 
> produced each year 


@ THAT MILD STEEL IS SATISFACTORY 
FOR MOST SODIUM HANDLING 


EQUIPMENT? 


@ THAT SODIUM PIPELINES CAN BE CUT 
AND REWELDED WITHOUT DRAINING? 


@ THAT SODIUM BRICKS ARE MOLDED 
IN OPEN AIR? 


@ THAT MOLTEN SODIUM CAN BE 
PUMPED AND METERED 
CONTINUOUSLY? 


® THAT THE ATOMIC ENERGY 
COMMISSION HAS STUDIED 
OVER 60 CONSTRUCTION 
MATERIALS FOR SODIUM 
HANDLING? 


| 
| 
WELL OVER A HUNDRED THOUSAND TONS OF =! 
ARE USED IN THE UNITED STATES EVERY YEAR. 140 | 
MILLION POUNDS GO INTO TETRAETHYL LEAD; ABOUT | 
45 MILLION INTO SODIUM CYANIDE; ALMOST AS MUCH | 
INTO FATTY ALCOHOLS; 7 TO 10 MILLION INTO SODIUM | 
PEROXIDE; AGOUT 4 MILLION INTO SODIUM HYDRIDE 
DESCALING OF STEEL; AND ABOUT 4 MILLION FOR 
INSECTICIDES, DYES, DRUGS, ALKOXIDE PREPARATION, ! RESULTS OF THE A.E.C. STUDIES, 
SPECIALTY CHEMICALS, ATOMIC ENERGY AND A NUM-_ | ALONG WITH MANY OTHER DETAILS OF SODIUM HANDLING 
| 
| 
| 
| 
| 
1 


BER OF MISCELLANEOUS USES. AND NOW TITANIUM TECHNOLOGY, ARE PRESENTED IN U.S.1'S NEW BOOK, 
METAL, *U.S.1. ISOSEBACIC” ACID AND MANY ORGANICS 
ARE JOINING THE LIST. ASK FOR NEW U.S.1, SODIUM HANDLING BROCHURE. 


U.S.1. TECHNICAL SERVICE HAS BEEN CALLED ON 
BEFORE OR DURING DESIGN OF ALMOST EVERY NEW 
SODIUM HANDLING UNIT BUILT DURING THE PAST FEW 
YEARS. THE SAME SERVICE IS AVAILABLE TO YOU IN 
ALL PHASES OF YOUR DEVELOPMENT, DESIGN, AND 
PRODUCTION. 


DUSTRIAL CHEMICALS CO. 


Division of National Distillers Products Corporation 
99 Park Avenue, New York 16, N.Y. 
Branches in principal cities 
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MARGINAL NOTES 


they supply the 
"GIVE and TAKE’ tok 


pany (1955), $7.50. 


Reviewed by Charles E. Dryden, 


fo rsa fe p | p i n g sed Is Ohio State University, Columbus, Ohio. 


For a text and reference book on 
the theoretical and practical aspects of 
engineering economy this book meets 
a definite need in the chemical engineer- 
ing profession. Those who teach this 
subject in the chemical engineering 
curriculum will welcome this book as a 
valuable aid in getting across to the 
student the basic theoretical concepts 
of industrial economics 


The arrangement permits flexibility 
for presenting whatever phase of en- 
gineering economy the instructor wishes 
to emphasize. Each chapter has a num- 
ber of illustrative problems worked out 
in the main text and a large number 
of problems for homework assignment 
Principal subjects discussed are: value 
of money, amortization, capital require- 
ments, process economic analysis, and 
the economic balances. The last is 
thoroughly treated in four chapters 
dealing with continuous and cycle oper- 
ations, yield, recovery, and inventory. 


Where a more detailed analysis of 
a particular subject is required, one or 
more recent literature references are 
given in the footnotes. A glossary of 
terms is included in the appendix and 


| F : : this is a welcome addition as a refer- 
af made of du Pont | Chemiseal Expansion Joints and Flex- ence. Cost data are abridged, but refer- 
j | ible Couplings—Made of TEFLON— ences for more complete coverage of 
T E F Dt O | Protect costly chemical piping, usually their subject are listed 
| low in impact strength. What little there is on the minus side 
| z é relates to format, preference for which 
They absorb shock, vibration, thermal differs for each reader. Nomenclature 
expansion and contraction. Correct might have been listed at the end of iy 
misalignment. Connect unlike piping each chapter instead of only three of - 
} ends and nozzles. Eliminate gaskets, the twelve, as mathematical equations t: 
1 adaptors and slip joints. Are imper- are developed in nearly every chapter. 3 
‘i vious to all chemicals excepting only Descriptive titles for each sample prob- E 
| molten alkali metals, fluorine under | lem at the place of illustration would 
pressure and chlorine trifluoride. | have been desirable in addition to tab- tl 


ulating the titles at the end of the chap 
ter as the author has done. In some 
cases more definitive separation would 
have been desirable between the end of 
the problem and the main text. In dis- 
cussing incremental costs, it would be 
helpful in the main text to point out 
that a negative value of the incremental 
cost is an incremental saving, and used 
as such in the illustration 


All Terton Expansion Joints and 
Flexible Couplings are pressure tested 
at the plant... and flexural tested, 
too, for special requirements. 


Write for Bulletin EJ-1155 or ask 
your U. S. Gasket-Belmont Packing 
Distributor. 


UNITED STATES GASKET CO. 
CAMDEN 1, NEW JERSEY 


Book Received 


Harvest of Research. The Story of The Goodyear 
Chemical Division. David Dietz. Goodyeor 


U.S. GASKET BELMONT PACKING 


February, 1956 
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FILTERAIDS 


Paul W. Leppla, Technical Director 


If your process includes a step where 
suspended solids — too fine to separate 
by settling — require removal from a 
liquid, filteraids may provide a solution 
to your problem. Chemical Engineers 
frequently fail to recognize potential fil- 
teraid applications, due probably to lack 
of familiarity with these materials 
Although there is no single typical ap- 
plication, a common characteristic of 
systems where filteraids are useful is the 
presence of suspended solids of natural 
origin, which cannot readily be charac- 
terized as to chemical composition or 
particle size. In fact, if you have a proc- 
ess liquor with less than 10% of particu- 
lates that settle out with difficulty, and 
whose exact nature and composition 
aren't known, the chances are very good 
that diatomite filteraids can be your 
answer. 
In many cases the troublesome solids 
may be removed on a laboratory scale 
by filtration through fine cloth or filter 
paper, but the rate of filtration is reduced 
so rapidly by the deposition of an im- 
pervious layer of slimes, that a plant 
scale filtration operation operated on 
the same basis simply is impracticable. 
The filtration engineer recognizes this 
situation as a “natural” for the use of a 
filteraid. Filteraids may be used with a 
variety of types of filtration equipment. 
The classical scheme provides for the ad- 
dition of a small percentage of diatomite 
filteraid to the solution ahead of the filter 
This is easily handled by the use of a 
simple proportioning feeder device 
Because of its unique porosity the di- 
atomite “opens up” the layer of slimes 
as it is forming to such an extent that 
the flow is not choked off as the cycle 
progresses, and the volume of filtrate is 
increased a hundred-fold or even more 
The method of filteraid filtration offers 
the chemical engineer a process tool for 
clarification that is economical in first 
cost, Operating cost, and maintenance, 
Cost varies depending upon the applica- 
tion, but filteraid addition frequently ts 
in the neighborhood of 0.05% . Since fil- 
teraids cost 2-5 cents per pound, costs 
often fall into the range of 8-20 cents 
per thousand gallons filtered. In the clar- 
ification or polishing of relatively clear 
liquids, filteraid cost may fall below 
1 cent per thousand gallons. 
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Dicalite Filteraids 
can give [nmeased clarity! 


This is really an odd one. It started with a bottle of 
distilled water in a Dicalite laboratory, tight-stoppered in 
a sterile container. For certain reasons we had cause to 
question it. So we filtered it, using the finest grade of 
Dicalite filteraid—and removed microscopic solids which 
had survived distillation! 

While this was a laboratory matter, it is of real impor- 
tance to every man concerned with the clarification of 
process liquors, or with the separation of finely divided ‘ 
solids from liquids. If you require filtration so “sharp” that 
it will trap better than 95% of bacteria and other sub- 
micron-sized solids, there are Dicalite filteraids that do just 
that. Other Dicalite filteraids give faster flow-rates, yet still 
yield filtrates of sparkling clarity. No matter what your 
standard of clarity, there is a Dicalite filteraid which will 
meet it, or surpass it. We will be glad to advise with you 


on your particular process problems. Write us! 


DIATOMACEOUS MATERIALS 


/ 


GREAT LAKES 


DICALITE DIVISION « GREAT LAKES CARBON CORPORATION, 612 SOUTH FLOWER STREET, LOS ANGELES 17, CALIFORNIA 
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NEW 


Alumina 


and other 
Special 


Base 
Catalysts 


A wide line of new, extremely hard, Alumina 
Base Catalysts, as well as synthetic silica- 
alumina and other special base catalysts, is 
available. These are manufactured by the 
Chemicals Division of Houdry Process Cor- 
poration to special standards for uniformity, 
surface area hardness and mechanical 
strength. 


New, Houdry HARD ALUMINA base For additional information, write on your 


catalysts include: 


platinum 

cobalt molybdate 
molybdenum oxide 
molybdenum sulfide 
chromium oxide 
nickel oxide 
palladium 


letterhead to: 


PROCESS CORPORATION 


Chemicals Division 
1528 Walnut Street, Philadelphia 2, Pa. 


PIONEER IN CATALYSIS 
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trends / 


Ihe year 1955 was notable in the drug indus- 
try for the development of many new products, 
for increasingly keen competition, and for shift 
ing patterns and positions among the various 
firms. There were a number of instances of 
smaller firms forging ahead in dramatic fashion, 
of larger firms losing ground or at least making 
little major headway 

Obsolescence in the field of products is some- 
times startling and a little disturbing to those 
who look upon the drug business as a more or 
less stable one. Another disturbing factor is that 
although the drug business is, like the chemical 
industry, generally considered in investment cir 
cles as a “growth industry,” evidence is increas 
ing that this is not a blanket description that 
can be applied to the industry as a whole, even 
though a few firms have made notable advances 

The hey-day of the drug industry, when indus 
trial fortunes were made first from the sulfa 
drugs, then from penicillin and the broad 
spectrum antibiotics aureomycin and terramy 
cin, may not have passed. But there are indica 
tions of growing competition in the year ahead 


Broad Spectrum Antibiotics 

The Lederle laboratories division of American 
Cyanamid Co, made a cleanup by being first in 
the field with a broad spectrum antibiotic, only 
to have Phizer hot on its trail with terramycin. 
These drugs were followed fast by tetracycline, 
which seems to be replacing the other two chief 
broad spectrums, putting Lederle back in the 
lead with Phzer again trailing 

Then there are a number of smaller but 
potentially important contenders on the horizon 
Chloromycetin, the broad spectrum made by 
Parke Davis & Co., which had a body blow some 
years ago when a few bad side effects appeared, 
has now recovered to a very substantial sales 
volume, approaching the present volume of 
terramycin, which far outsold it a few years ago 

Several new drugs not yet on the market 
seem also to hold reasonably important future 
possibilities. One of these is Upjohn'’s Albamy 
cin, another Merck's Cathomycin and the third 
cycloserine (developed by several firms) , which 
is expected to be of value in tuberculosis treat 
ment as well as in some other fields. While 
there is no indication as yet that any of these 
will supplant the leading broad spectrum drugs, 
there is a likelihood that they will nibble away 
at the total volume 


Hormones 

Another area that illustrates the kaleidoscopic 
shifting of position in the drug industry is in 
the hormone drugs used against arthritis. Merck 
& Co. had no sooner developed cortisone at huge 


research expense, than new competition came in 
with new processes and cut prices Then last 
year Schering Corp. came out with Meticorten, 
which apparently has important advantages over 
the earlier cortisone drugs. This skyrocketed 
Schering’s sales and earnings and presumably cut 
into the volume of other firms in the field. This 
year will see increasing competition against 
Schering from Merck, Phzer and Upjohn in the 
so-called “meti"” drugs. Concentrated research 
in the hormone field by a number of large firms 
probability of further important 
new research progress in 1956 

An example of a smaller firm that has been 
forging ahead in the last year or so is Norwich 
Pharmacal Co., which moved from a small pro 
prietary drug company into the ethical drug 
held, building its progress on the nitrofurane 
This group consists 


indicates the 


drugs, based on furfural 
of a number of drugs both for human and 
animal use. In the closing months of last year 
there were reports that Norwich had two new 
furane drugs in the research stage which may 
turn out to be of major importance for the firm 
toward the end of this year or in 1957 


Mental Drugs 

So-called mental drugs (hypotensive agents) 
came prominently to the fore last year and bid 
fair to be of steadily increasing importance in 
sales volume this year. They have already caused 
a revolution in treatment in many mental hos 
pitals around the country. Sales volume in this 
group may well reach the $50 million annual 
level. 

One of the first drugs introduced in this field 
is reserpine, made from the Indian “snake root’ 
or rauwolhia. There are now a score of firms in 
this field. A major early synthetic is Thorazine, 
made by Smith, Kline & French. Others are 
Vick Chemical’s Meratran and Frenquel, Ameri 
can Home Products’ Equanil and Carter Prod 
ucts Miltown. It is reasonable to assume that 
other and better new ones in the group will be 
developed 


Vitamins 

The old and basic vitamin business continues 
to grow Large amounts are sold over the 
counter without prescription, but there is also 
a growing ethical business for weating special 
cases such as pregnant mothers and those in the 
older age groups. Severe competition has also 
affected this field through imports from Ger 
many, Japan and other foreign countries. 

With a contest for business on nearly all 
fronts in the drug field, the intensified sales 
efforts that appeared last year will probably be 
accentuated in the year to come. 


@ consider KARBATE ‘eaupment tirst-- 
casts fess and lasts fonger! 


Freres Why 
VE Pays To Start With 


“Karbate’ impervious Graphite Process Equip- 
ment — And Contnues To Pay While You Use It: 


Low First Cost: Prices of standard, quantity-produced 
“Karbate” Process Equipment compare favorably with 
those of other materials less resistant to corrosion. Delivery is 
quick — generally from stock. 
Long Service Life: Unequalled corrosion-resistance, immunity to 
thermal! shock and ruggedness of mechanical design keep ““Karbate"’ Process 


Y Equipment on the job with minimum maintenance. 


No other material of construction com- 


bines the advantages listed above with such NATIONAL CARBON COMPANY 
other desirable properties as high thermal con- The term “Karbate” is « registered trade-mark of 
Union Carbide and Carbon Corporation 
ductivity, freedom from metallic contamination, NATIONAL CARBON COMPANY 
ease of fabrication and modification in the field, plus of Catan and Cates 
30 East 42nd Street, New York 17, New York 


a complete technical advisory service. Literature Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
. Los Angeles, New York, Pittsburgh, San Francisco 
furnished promptly on request. IN CANADA: Union Carbide Canada Limited, Toronto 
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* Panel on the Impoct of the Peaceful 
Uses of Atomic Energy to the Joint Com- 
mittee on Atomic Energy 


Senator Clinton P. Anderson (Dem., New 
Mexico) is chairman of the Joint Commit- 
tee; Robert McKinney, publisher, Santa Fe 
New Mexican, chairman of the Panel. Per- 
sonnel making up the ponel, under Mr 
McKinney, are as follows 

Ernest R. Breech, executive, Ford Motor 
Co 

George R. Srown, engineer & executive, 
Brown & Root, Inc. 

Sutherland C. Dows, engineer & execu- 
tive, lowa Electric Light & Power Co 

John R. Dunning, dean of Engineering, 
Columbia University 

Frank M. Folsom, executive, Radio Corp. 
of America. 

T. Keith Glennon, executive, Case Insti- 
tute of Technology. 

Samuel B. Morris, engineer & executive, 
Dept. of Water & Power, City of Los 
Angeles. 

Walter P. Reuther, executive, UAW & 
AFL-CIO. 

The scope of the Panel's study included 
e@ brood range of subjects, among them 
secrecy. The March issue of C.E.P. will re- 
view its report in total 
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and 
comment 


A Panel * of contemporary, intelligent citizens has studied the 
problem of secrecy with respect to non-military information about 
the atom. This Panel has come forth with three important recom 
mendations having, we believe, broad connotation with regard to 
governmental secrecy policies in general. The Panel's recommenda 
tions are 

1. That all reactor technology be removed by the A.E.C. from the 
restricted data category, including such areas as fuel element fabrica 
tion and processing tec hniques, leaving specif military applications 
of such technology under the defense classification system 

2. ‘That the concept that atomic information in all felds is “born” 
classified be examined by the Joint Committee; such concept being 
held by the Panel as not compatible with the expeditious action 
required to permit rapid development of peaceful uses of atomi 
energy. This concept is recommended to be limited to the design, 
manufacture, or utilization of atomic weapons 

3. That compilation of both classified and unclassified information 
relating to peaceful uses of atomic energy be required by the Joint 
Committee to be undertaken by the A.F.C. on a continuing and 
current basis so that it can be available in ready reference form for 
those entitled to use it 

That such conclusions are sound, there should be little doubt 
There is no longer time for withholding from our technologists in 
industry and academic institutions of research, information which 
since Geneva can no longer be regarded as exclusively “ours.” 

From another standpoint, the need for some gross changes in the 
rules governing classification is dictated by the monumental task of 
requiring qualified experts to go through each of the thousands of 
reports and papers which have accumulated, awaiting authorization 
for removal from the “born” classified status. While these papers 
remain in storage, industry must doubtless be making many times 
each day, decisions which could be made much better if proper access 
could be had to the total record of accomplishment to date, in 
non-military science and technology 

It has been said in these columns, and bears saying once again, 
that the engineering professions—particularly the chemical engineers 
stand ready to perform the myriad functions necessary in translating 
the power of the atom into peaceful uses our nation can stand in 
initial outlay of investment, and ultimately profit from. Nothing 
short of a major policy on availability of information, such as 
recommended by the Panel, can bring this about and thus give our 
people the deserved product of mid twentiethcentury scientific dis 
coveries. We are referring intentionally to the extension of Panel 
recommendations to apply to all fields of scientific discovery, as long 
as the information has no bearing on national security 

Any major change in national direction, even though it be away 
from a rather frightening experience with governmental monopoly 
of scientific information, has capacity for arousing some misunder 
standing. In handling the problem of the atom, Senator Anderson 
and his Joint Committee, and members of the Panel, are to be 
congratulated. The work just completed has been thorough, th 
mandate clear 

Now let's see the reforms put into action, and see the engineers 


under way! 
].B.M 
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SECRECY 


Virtually Universal Corrosion Resistance® 
plus Fast, Assembly 


only eid wa Wet 


CHEMICAL PORCELAIN 


ASME 125 Ib. standard 


¥ 


Chemically inert, dense, strong and iron-free, 
“US” Chemical Porcelain Piping and Process 
Equipment solve the toughest problems in cor- 
rosive materials handling, while maintaining 
absolute purity of solution. When equipped with 
metal flanges there is an important added ad- 
vantage — speed and simplicity of installation. 
Flanges bolt together quickly and easily using 
ordinary tools . . . forming a strong, rigid, pres- 
sure-sealed joint. Down time is held to a mini- 
mum. Connections can be made directly to other 
types of pipe and equipment having ASME stand- 
ard flanges, adapters are available for connecting 
to other than ASME standard fittings, but are 
rarely needed. 


PROCESS 
EQUIPMENT 
DIVISION 


with cemented-on 


metal flanges 


PIPE 

FITTINGS 

VALVES 

cocKxs 

POT OUTLETS 

JAR OUTLETS 

TANK OUTLETS 

TOWER OUTLETS 

FILTER OUTLETS 
Pipe and equipment to which flanges are to be 
affixed are formed with plain, straight ends and 
smoothly ground gasket surfaces. Standard 
flanges are of high grade cast iron, aluminum 
flanges are also stocked and furnished where 
specified. Both types comply with ASME stand- 
ard for number of bolts and size of bolt circles. 
Extreme care is used in positioning and cement- 
ing flanges to assure perfect alignment. 


Consider for a minute how your operation can 
benefit from the outstanding corrosion resistance 
and iron-free quality of “US” Chemical Porcelain 
Piping and Equipment . . . and the faster, simpler 
installation afforded by flanged fittings. 


. S. STONEWARE 
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W. D. Kohlins 
and H. P. Englander 


To point out to the process engi- 
neer areas for cost reduction in 
evaporator design and specifica- 
tion is the main concern of this 
paper. Accompanying _illustra- 
tions are convincing that the 
selection of proper operating 
conditions and a suitable flow 
sheet can have a major effect on 
ultimate costs, both investment 
cost and operating expense. The 
availability of various means of 
heat reclamation has been 
pointed out and it ha, been 
shown that specific local condi- 
tions will be the governing 
factor. 
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FACTORS in evaporator design 


Buflovak Equipment Division 


Blaw-Knox Company, Buffalo, New York 


he evaporator manutacture re 
quently is presented with a spec 
cation that would result im an ev ip 


rator needlessly expensive to purchase, 


expensive to operate, or bot! Appre 
ciable iving can etiects i 
tudy of the fundamental bases for th 
design ind the ntegrat ot thi piece 


of equipment with present or projected 


plant faciliti The determinat 

the optimum number of effects has beer 
covered (1) for conventional ¢ ipo 
rators [here are, however, three ther 
gener Areca ‘ h ll he rey | 


here, that the designer must consider 


when studying an evaporator problen 
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MORE EVAPORATION 
FOR LESS MONEY 


Physical Design u 
the fi et 

lect ‘ al 

pecihcatior ol eat tra et we 

ind ip ve have lew et 0 

mit portant t tu er 
tail ise rt tive om 
i em to the M ead 

essure ve el wle Ir mat tates 

and with many compan wiher 


ence to the Code is mandatory llow 


ever depending on the materials of con 
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struction, size, and other factors, it is 
safe to say that building an evaporator 
to the Code adds at least 10% to its 
first cost and the additional cost can 
easily be twice that amount. It should 
not be thought that an evaporator that 
is not Coded is not safe. Most manufac- 
turers follow Code practices and pro- 
cedures even though the final unit is 
not stamped, and the product is a per- 
fectly safe evaporator built in accord 
ance with the Code although not to the 
Code, Mill Test Reports, use of only 
Code heads, X-ray, stress relief, multi- 
plicity of inspections, and other similar 
requirements of the Code all delay the 
manufacture and add to the cost. 
Frequently some companies have 
special requirements of their own which 
are still more costly. In one case, a 
water quench of welded stainless steel, 
achieved by a stream of water imme- 
diately behind the welder, added an extra 
man to the welding labor required 


~- —4— Lz 

- 
’ 


Fig. 1.. Tube selection chart. 1) Steel-welded. 
2) Copper. 3) Cupro-nickel. 4) St.St., Monel. 
5) Nickel. 


Fig. 2. Cooling woter curves. 


Specification of low carbon stainless 
would have eliminated this. 
types of stress relief, passivation, etc 
are further items that should be care- 
fully considered before their incorpora 
specification. 


Special 


tion im an evaporator 
Therefore, when specifying the physical 
design of an evaporator, the matter of 
Codes and inspections should be given 
careful thought to be sure that nothing 
is included that is unnecessary 

Another point on the matter of physi 
cal design is the selection of proper 
materials of construction. This appears 
to be quite self evident, but sometimes 
the designer dec: not give sufficient 
study to the relative costs of different 
materials of construction. Obviously, 
product quality or contamination often 
will eliminate consideration of all but 
one material. However, when it is only 
a matter of corrosion, several materials 
can be considered. Surprisingly enough, 
a material that lasts only a year or two 
can be less expensive than one that lasts 
five or even more years. This is par- 
ticularly true in the case of evaporator 
tubes which can easily be replaced with 
relatively little down time or major con- 
struction work. Figure 1 gives curves 
plotting cost units against time for 
various materials for evaporator tubes. 
The accompanying Table A illustrates 
A study of the cor- 
rosion rates will give the expected life 
of different materials and the curve will 
allow selection of the most economic. 
The bases for the curves are shown in 
Table B. 

It can be seen from these curves that, 
if it were not for the rerolling cost, if 
steel tubes lasted two years, they would 
be cheaper than any other material that 
lasted ten years. The cost of removing 
and rerolling tubes, however, makes a 
great difference and, naturally, this dif- 
ference becomes greater as the evapora 
tor gets larger. Hence, it can well be 
that the installation cost can be the gov 
erning factor. 


use of the curves. 


so ro 


40 


COOUMS WATER FER 1000 EVAPORATION PER HOUR - 5° TERmmaL 
Ow 
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Fig. 3. Flow sheet for recompression evaporator. 


Table A. 
Example: 


‘*Assumed tube life: 
yr. 
nickel—S5 yr. 

ratio—3'4 


**Evaporator has 500 tubes—this adds 5 of a 
dollor unit for each retubing. 


Solution: 
a. stort at 112 yr. on curve 2 
b. move horiz. to the right 1.65 dollar units 
(3% & .5) for retubing costs 
¢. extend vertically to intersection of curve 5 


Conclusion: Nickel tubes are justified since in 
tersection point less than 5 yr. 


**Specific corrosion rates must be established 
**Add .1 dollar unit for each 100 tubes re- 
placed. 


Another point in construction that 
must be taken into account concerns the 
physical size of an evaporator. Oc 
casionally the size of vapor bodies get 
so large that they cannot be shipped 
In this case common practice has been 
to build dual units. However, it is ce 
cidedly cheaper to field-fabricate the 
larger single units than to build the 
multiple units. A particular case in 


point: 

One design called for a forced circula- 
tion evaporator to have one efiect 16-ft., 
0-in. diam. by 20 ft. 0 in. high on the 
straight side [his diameter is too large 
io be shipped. Two ll-ft., 6-in. diam 
bodies could be used to replace the one 
16-ft., 0-in. unit. The two smaller units 
complete with steamchests piping and 
pumps cost $55,000. The single larger size 
cost $43,000. Allowing $5,000 for field 
erection, there still was a saving of $7,000 
which was almost 15%. Thus, this potential 
source of savings must not be overlooked 


90. 


| 
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Table 1.—Specific Data and Results 


Evaporator feed 


Total heat to be transferred 


% total Ib. /he 


solids 


Ib./hr 


disch. evap 


10 335 55,465 
20 168 55,632 
30 55,689 


55,800 0.06% total solids 


1?) 12,635,000 B.t.u., hr 


sq.ft. heat 
trans. surface 
required 


evap. cost 


QA 


11,500 1,100 24,700 
6,020 2,100 36,500 
3,980 3,180 45,000 


Table 2.—Tabulation of Results 


conventional evaporator 
operating as first effect of o double effect 


recompression 


Flow Sheet and Operating Conditions 
Another area open to the cost-reduc- 

in the propet 

Many 
uch 


tion comscious engineer 1 


selection of operating cot litior 
the limitations are 


that little leeway is left for the designer 


time process 


there mav be 
normally ered that are 

\ simple case in point 
f the absolute pressure 


However, here again, 


areas not consi 
worthy of study 


is the selection 


for the liquid side of the unit. In the 
case of a single or possibly even a 
double or triple effect, it other condi 


tions are right, operation at atmospheric 
pressure in the final effect might he 
economic. It is true that higher pre 

sure steam might be requit id more 
expensive cor truction of the team 
chests might be involved Balanced 
against this is the fact that no con 


denser or vacuum-producing equipment 
is required and consequently no con- 
stant consumption of water and power, 
be it steam or otherwise, for vacuum 
equipment. Also, steam at approximately 
212° F.. is ible 


services conditions 


available for other 
Even if 


vacuum, 


pos 


heating 
ele 


dictate operation under 
tion of the proper vacuum can be profit 


able 

Figure 2 shows the consumption of 
water lor various vacua and varying in 
let water temperatures. A specific case 
in point: 


Assume 20.000 Ib. /hr evap ration in the 


last effect. With water at a temperature 
of 85° F., the water consumption for 26 
and 28-in. vacuum would be 1,170 and 
4,140 gal./min. respectively With the 


assumption that the only cost is pumping 
and the total head is 50 ft., then with power 
at $0.005/kw 


hr. the annual additional 


Vol. 52, No. 2 


steam consumption, hr 


acid anhy. 

evap evop total 

5,000 3,650 8 650 

2,810 4,100 6.910 
0 6,030 6,030 


cost tor power alone is $2,000. Also, there 
is the larger investment in bigger vapor 
bodies, bigger pumps, pipe line et 
course, against this must be balanced the 
saving in heat transtier surfa lue to the 


greater At availablk 


In many operations, the evaporator i 


merely an intermediate st p followed by 


a crystallizer dryer or som 


lurnace, 


other processing unit. In some of these 
final concentration out of the 
evaporator is in itself too 

tant, the combined result of 


several unit 


cases, the 
not impor 


but rather 


concentration out of the black liquor 
evaporator 1 not critical of itself hut 
rather the economi distribution 
tween the evaporator and the recover 


furnace that follows An unusual i! 


tration ot thi point came to the author 
bach 


prol lem of 


attention some year when pre 


ented with the purifying a 


olvent The evaporator wa to tur 

purified 1 ipor tee i to a till and the 
evaporator discharge was to be dried 
The vapor trot the drver Va to le 
recovered and the solid discarded 


Evaporator test letermine 


over-all heat transfer coefficients at dif 
ferent discharge concentrations. Drying 
tests were also run and it wa lour 

that the same ze dryer would handl 
all the discharge from concentrations of 
10% total solids and greater The po 

cific data and result ure 


lable 1. The difference in evaporat 
between 10% and 30% solids wa 
224 Ib./hr. but this 224 Ib. rea 


2,080 sq.ft. of surface 
The proper end point could obvious! 


only 
uired 


und cost $20,300 


be very important! 
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In a sulfate pulp mill, the 


MORE EVAPORATION 
FOR LESS MONEY 


Table 6. 

steel tubes 13 gouge 

all other materials 16 gouge 

rotio of over-all U 
stainless steel ! 
Monel 1065 
carbon steel cupro-nickel 108 
nickel 1.13 
copper 1.175 


interest at 5% 


Another very liffe>ent t equall 
mportant consideration is that of in 
tegrating the evaporator with other re 
quirements in the plant. What 1 
would be an uneconomic design might 
lor certain conditions, be ti t 
\ small rayor plant desired t pt we 
inhydrow sodium ulfate 
Glauber’ alt it had been Iscal 
Only lightly mor than | tor iV 
ot were ] ¢ ‘ ju 
2.190 Ib. evaporat Conventional 
cle an calle for i etlect ipora 
tor to operate at 24-25-in. He vacuum 
Because of a low Glaube ilt feed 
temperature and the large heat melt 
ng the team re ent 1 be 
ipproximately 3,650 Ib I} plant 
ilso } ad all « iporato 
quiring 5,000 ib. 1 f steam at 15 ] 
q.in, gauge Thus the total stear 

t unit id be 8,650 Il \t 
first it appeare 1 that the Na ), " 
porator hould be de gned to operate 
t 15 Ib. /sq.in. gauge in the vapor space 
nd its vapor used a teat r the 
acid unit. At the higher operating ter 
perature the stea equiremet t 
NagSO, machine would be 4,100 
This, plus the 2810 Ib f make-up 
team required for the acid unit. resulted 
in a total steam msumption of 6,910 
lb./hr. and also a rather omplicated 
evaporator hook-up 

A third alternate was the I] 


one tinally 


elected. This is as shown in Figure 3 


In this tem the Na,SO, unit had 
a recompression booster which com 
pressed all the vapor to 15 Ib Lin 
gauge. The conditions and design of 


the booster were selected so that the 
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Table 3.—Basis for Calculation 


Ib./hr. steam 

gal./min. water 

hp 

utility cost—cents/gal. 
annual cost, tota! investment 
total cost-—cents/gal. 


sufhicient 
steam tor The total 
input of steam was thus 6,030 Ib./hr., 
imple evaporator design resulted. 
shown 


booster discharge furnished 


both evaporators 


and a 
A tabulation of 
in Table 2 
Here the integration of the 
evaporator into the total plant require 
ment resulted in a better and cheaper 


the results is 


again, 


design 


Heat Reclamation 


Another technique open to the de 


signer who wants to achieve economic 
evaporator operation involves the re 
clamation of heat in various forms. 


Some methods, such as using conden 
ate for heat exchange with cold feed 
types of conventional heat 
reuse, are quite common. There are, 


that are not so 


or similar 
however, other means 
frequently considered, One case in point 
is the use of condenser tail pipe water. 
In an evaporator operating at 4 in. Hg 
abs, pressure, this water can be kept at 
120° F. Many plants require hot water 
and here is a source of preheating. Con- 


sider a condenser discharging 2,000 
gal./min. of water at 120° F. For every 
10° F. this water is cooled, 10,000,000 


B.t.u./hr. are recovered, equivalent to 
approximately 10,000 Ib./hr, of steam 


Even though this is at a low-tempera 


NH, mechanical 
double-effect refrig- recompres- 
steam evap. eration sion 

11,675 1,000 600 
1,505 222 200 
57.5 494 624 
2.06 1.10 1.27 
198,000 262,000 252,000 
5.3 54 546 


ture level, there are cases where it can 
be used effectively, particularly if the 
plant large 
umounts of hot water 

Another tool of the designer that is 
use is 
vapor compression in some of its various 
or the true heat pump. Nowhere 


has a requirement of 


coming into more prominent 
did this show up more advantageously 
than in the thousands of potable water 
evaporators built for the Armed Forces 
during World War II. A more recent 
example of this type of design was the 
field of low-temperature citrus-juice 
concentration. Here, units were de- 
with the use of steam 
pression, mechanical recompression, and 
the heat pump. Local conditions gov 
erned which was the more economic. A 
case will serve to illustrate this 


signed recom- 


spec if 
point 

The details are as follows: 

Required to concentrate 1,610 gal./hr. of 
orange juice from 11 to 58° Brix at low 
temperature and then cut back to 42° Brix 
This is equivalent to 11,340 Ib./hr. of 
evaporation 
steam cost 52.2 cents/1,000 Ib. 
water cost 2 cents/1,000 gal 
power cost = 1 cent/kw.-hr 


Costs were then compared between a 
double-effect recompression steam eva- 
a mechanical compression unit 
using centrifugal compressors, and an 


porator, 


Table 4A. 


Quadruple Eftect Steam Evaporator 


steam 11,750 tb./hr. == $56,400/yr. 
water 555 gal./min 3,200 / yr 
installed cost = $129,000 = 19,350/yr 

total cost = $78,950 yr 


Two-Stage Mechanical Recompression 


power 1,100 bhp $30,200 /yr. 
installed cost = $182,000 27,150/yr. 
total cost $57,350 /yr 
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a 
3,000 operating hr./yr.—5 years’ capital recovery 


meeting, Detroit, Michigan. 


ammonia reirigeration system. Con- 
struction was to be of 304 stainless steel 
and of sanitary design. The results are 
Table 3. 

In this case the total cost per gallon 


summarized in 


was approximately the same although 
the utility and investment 
very different. Different 
tions could make a great change in the 
final result. 


costs were 


basic condi 


A completely different type of opera- 


tion was encountered in a chemical 


plant where it was required to concen 
trate to saturation 1,000,000 Ib./day of 
a waste metal sulfate solution that was 
fed to the system at 176° F. Two units 
were compared, a quadruple-effect con 


ventional steam evaporator and a two 


Stage mechanical compression unit. The 
basic data are given in Table 4. The 


resulting comparison between the two 


units is shown in Table 4A. 
Table 4. 
Required evaporation 40,600 Ib./hr. 
steam cost $0.60/1,000 ib 
(@ 190 |b./sq.in. gauge 
water cost $12/1,000,000 gai. 
(a 75° F. 
power cost $0.0046/kw. 
interest, depreciation & 
maintenance 15% /yr. 
operating time 8,000 hr./yr. 
Thus, in this case the mechanical 


unit, although 40% more expensive to 
install, was the more economic. 


Summary 


It has been shown that physical de- 


sign of any unit must be given careful 
study. Specifically, it was brought out 
that in com 


pression was much more economic than 


one instance mechanical 
a multiple-effect steam unit, whereas in 
another case, the costs were sub tantially 
the same. Ia summary it can be stated 


there 


that are many avenues open to 
the experienced designer to achieve eco 
nomical evaporator costs, and unusual 


overlooked when 
studying the complete evaporator prob 


avenues must not be 


lem. 
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— ORIVE MORE EVAPORATION 
Fig. 5. Rodney Hunt Turbs- 


Film evaporator FOR LESS MONEY 


ROTOR BLADES 
SEPARATOR 
| | 4 
FEED INLET 
| 
j STEAM IN 
com came selection and 
STEAM OuT 
PRODUCT Malcolm M. Coston and E. Ernest Lindsey 
itor selectio with it applica solvent is usually not completely igure whiact part ‘ 
tion 1s an imtegration ol olution moved. | Vaporation require the addi assem 
characteristi evaporator-type chara tion of heat and the separation of vapor 1 , 

un © that the heat-tra ter tla 
teristic ind the economics of capital and liquid. This paper will be limited constructed of pecial flat plat tl 
equipment ind operating cost ‘The to ipphi itions anc « juipment m which eparating then hese it 

engineering choice j nfluenced by heat i upplied throug! olid walle ty ted together im grow ! 
phy il properties of the solutions to condensing vapor e., the usual com — oS & poate can & , : 

yw evaporated (viscosity, density olu mercial evaporator ind related equip ing irface at will Kos ca erry 
bility of solid content urtace tension ment Related equipment can be ce t irrangement permit » scaled is 
. boiling-point rise, etc.) ; by utilities cost scribed as pumps (4) separators (Fig t « washed wit wet steam a 
t vitt ‘ tive 
data and cost assumption by equip ure 1A IB 1D) condenses ity of di 
ment installation and maintenance costs (Figures 2 and 4) and ejectors ( Figure The short-tube hor ntal evaporat i 
by cost ol labor power! fuel or team, 3) the il 4 
cooling water; by plant energy balance vit team 1 the tube I : 
hent-tu d sal 
by equipment characteristi (tube ent-tube design usually d 
vaporetor (7) ta generally considered et 
lengths, tube diameters, velocitie mate yee It has been retamed in marime use because 
rials of construction, et These var Most newly purcha ed evaporator 1 the rt i ale ‘ t prot ' 
iables cannot truly be separated for in today take one of two form Phew are f the abilit t 
t to change hape wit extre ty 
vestigation because of their influence on (1) natural circulation, and (2) forced rat I , 
one another hoice of an exact opt circulation he count tor the bulb efiective cracking aie and 
mum from such an imposing list is prac of evaporation application Howeve the face easier to clea 
tically impossible without reference to there are some newet types getting more Other natural-circulation desigt ‘ 
vecific cases which ill be m th t-tube ertical and | ‘ 
I requent use for special applicatior The ‘ 
paper uch as the Turba-Film(R) evaporator position and relative lengt ft 
an agitated-film evaporator for viscou rig ertical Gesigt 
Evaporation is defined for the pur and/or heat-sensitive materials, and the eTh ‘teal inten 
pose tl ai ussior i the removal Rosenblad witching evaporator tor acterized by a pump whi gene 
ola vent by conver n to the vapor cale-forming liquid flow acro the heat-transfer ' 
phase rom a relatively nonvolatile These may be either the vertical-tube typ 
solute, usually a solid. Except for those The agitated-film evaporator (Figure 5 which is usuall ingle pa : 
' , consists of a vertical heated cylinder cor vontal-tube type which is ge ; 
ases where a salt is precipitated, the 
— — = = precipstas : taming a rotor The rotor is provi when multipass operation i 
wit lacte which approa the cated desired 
cylinder wall wit! conmtrolied clhearat 
Mr. Coston is manager of process equipment Little liquid is contained in this evaporator [hese rious type ! 
division, Rodney Hunt Mochine Company, during operation and the time of liquid have different if pl catiot 
Orange, Massachusetts, and Profesor Lindsey contact is short permitting t evapora controlled by solution chat qd 
is head, department of chemical engineering, tion of highly sensitive material rt ‘ tent 1} j 
a gr and by plant 
University of Massochusetts, Amherst, Masse generated vapor passes through a catchall gress p= 
tions to a minor extent 


chusetts similar in design to the impact unit of 
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Fs — VAPOR 


TO BE CONSIDERED AS PART 


AUXILIARIES | Cconomic ‘Picture 
SEPARATORS . 


vArOR 


Eos 

| | 3 

i 


if 
|| 
wET varor 

Fig. Ic 


wet varor 
10 


| Fig. 1A—Centrifugal. High vapor velocity. Fig. 1B—Impact (porous barrier). Medium 
|| vapor velocity. Fig. 1C—Impact (rotating baffles). Best for foams. Fig. 1D— 
ad Volumetric. Where volume is adequate. 


WON CONDENSABGLES 


WATER ouT 


WON CONDENSABLES OUT 
VAPOR IN / 
WATER / 


varor 


Ter 


ORAIN FIG. 28 


FIG. 2a 
Fig. 2A—Direct contact. Generally preferred. Fig. 28—Surface. Where contamination 
is important. 


\ 
A 


wre? ime? 


{ 


Fig. 3. Ejector. Relatively inex- Fig. 4. Parallel current barometric 
pensive, simple, and trouble-free. condenser. For combined han- i3 
dling of vapor and nonconden- 
sables. 
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VISCOSITY 


For straight concentration problems 
with a moderate viscosity change and no 
salting, all types mentioned can be used 
on the assumption that scaling is mod 
erate or nonexistent. 


100 centipoises 


For straight concentration, up to a 
viscosity of about 100 centipoises and 
with no salting, the long-tube vertical 
(LTV) evaporator, the short-tube ver 
tical (STV) or calandria evaporator, 
and the forced-circulation (FC) evapo 
rator can be used. Again scaling is as 
sumed moderate or nonexistent. It 
should be noted that the horizontal-tube 
type is not eliminated, but its cost is 
usually high except in copper and cast 
iron construction. 

In concentration with coincident salt 
precipitation and with the solubility 
curve of salt rising with temperature 
batch evaporation can be handled in the 
short-tube vertical or the forced circu- 
lation design. Continuous evaporation is 
best handled in the forced-circulation 
design. 

For concentration with scaling, and 
with or without salt precipitation, the 
forced circulation evaporator is gener 
ally used. In this case, the salt being 
precipitated may have either a standard 
or inverted solubility curve. 


6-100 centipoises 


For concentration to moderately vis- 
cous products (6-100 centipoises), with 
out scaling, the forced circulation, fall 
ing film or agitated thin layer (e.g., 
Turba-Film) types are recommended 


greater than 100 centipoises 


For concentration to extremely vis 
cous products (>100 centipoises) the 
only available equipment is drying 
equipment (drum dryer, shelf dryer, 
etc.), slow evaporation from an agitated 
kettle, or the agitated film-type evapora- 
tor. 


HEAT SENSITIVITY 


For concentration of heat-sensitive 
materials, evaporation at low tempera 
ture (high vacua) is recommended 
with the use of the conventional falling 
film, or forced-circulation types. As an 
alternative the use of the agitated-film 
evaporator operating at the same low 
temperatures or at higher temperatures 
may ‘e desirable. The agitated-film type 
minimizes the time at temperature be- 
cause of its continuous evaporation with 
low holdup and of the minimized boiling 
film heat-transfer resistance caused by 
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the extreme turbulence in the highly 
agitated thin layer. 

Finally the choice is modified to a 
great degree by other physical proper- 
ties of the solution, as already noted, 
and upon the materials of construction 
Minor influences are the powerhouse 
heat balance and the size of the whole 
installation. 


Small Plonts 

Smaller plants can tolerate lower 
equipment availability or conversely 
more time for cleaning by the simple 
expedient of making the equipment 


slightly larger than required for the job. 
From the equipment manufacturer's 
standpoint, this is fairly easy to do in 
mall sizes because the engineering and 
labor required for a slightly larger unit 
ire not much more and result in a some 
what excess capacity design. There is 
for the small plant 


to use the less complex systems even on 


a tendency, therefore 


difficult problems and allow more time 


for shutdown and cleaning to maintain 
the heat-transfer 


ly, large plants can use and 


rate 
Converse 
pay for complex systems to gain con- 


Examples of Evaporator 


these variables 


l Influence ol 


evaporator 


on 


selection—ev iporation of 


ish stick water will he considered 
Stick water” is a solution of fish solu 
bles and fine fish meal resulting from 


the cooking of fish for oil recovery. It 
1s a good feed additive because of its 
high vitamin content and is a relatively 
valuable product for recovery. 

This solution can be handled in all 
However, 
The 


forced-circulation de 


types of equipment scaling 


iS present in all cases. k ng -tube 


vertical and 


igns 


require stainless steel tubes because ot 


the high tube velocities and con equent 


erosion and corrosion The short-tube 
vertical and the horizontal designs can 
use 90-10 cupro nickel tubes because 
here the velocities are relatively low 
Although coefficients on the short-tube 
vertical and the horizontal design are 
lower, requiring somewhat more sur 
face, the net cost of this equipment 1s 
less because of generally cheaper con 
struction and elimination of large 


f circulation would 


the 


pumps It 
the 


vertical or 


orced 
choice or mall 
hort-tube 
horizontal evaporator. The large plant 
higher throughout 


therefore, be 


1 


plant to use the 


because of needs a 


higher availability and, as costs tend to 


converge with large sizes, the forced 
circulation design with stainless steel 
tubes and a low fouling factor is justi 


fied. 
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tinuity of and imereased 


econoniy. 


operation 


Optimum Number of Effects 


In the black liquor problem it was 
noted that type selection was influenced 
by the desire to provide as many effects 
in the operation as possible. Selection 
ot the etiects 


duty is purely and 


number of lor a given 


simply an 
consideration because as the number of 


effects increases, the cost of the installa 


tion increases (2). Conversely, as th: 
number of effects increases, the total 
Steam consumption of the system de 
creases 

Although there are many ways of 
getting a quantitative answer, perhaps 
the most realistic is to start with one 


effect system and add effects one at a 
time seeking the answer to the question 
“Does the yearly steam saving for this 


extra effect promise to pay for it in a 
If not, the addition 
irom 


reasonable time ? 
of more effects can be eliminated 
consideration. Because accounting prac 
vary widely 
has the 
makers to use a two-year payoff period 


tices among companies, it 


been custom ent 


wine 


Selection 


Both small and large plants can obtain 
greater availability and capacity by u 
agitated-film 
unit can handle 


ing an 
finishing unit. Thi 
viscous thick liquors above 309% with 


evaporator a i 


out scaling because of the extreme avi 
tation, 


2. Alum thi 
the evaporation of a solution 


production comprise 


corrosive, The final concentrated prod 
uct is a metastable liquid beca the 
residual water is insufficient to supply 


the demands of the hydrated salt 
ing produc es a solid crystalline or glassy 

Less 
al 


were allowed to fall. 


product concentrated  solutior 
crystallize if temperatures 


Moreover the final 


would 


product cou Because crvystalliza 
tion can occur if residence time lon, 
enough, the volume of product in the 
evaporator hould he minimized A] 
thoug! the viscosity of the pr duct 
would indicate the use of the forced 
circulation type, the requirement of mir 

imum volume forces the selection of th: 


long-tube, vertical single pass design 


3. “Black liquor the 
resulting from the Kraft wood-pulp di 


this i liquid 


gestion proce It is a toamy liquid 
with a relatively wide viscosity change 
om concentration. It reasonably non 
corrosive to steel and has recoverable 
material of some valu As the equip 
ment can be primarily of low-cost steel 
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MORE EVAPORATION 
FOR LESS MONEY 


This simply means that the value of the 


steam saved for a period of two years 


should be equal to or more than the cost 
of the capital equipment necessary to 


effect the steam saving 


As previously noted, the cost of the 
equipment varie is a function of the 
material of construction. After the ma 
terial has been selected and the cost of 
one effect estimated, the cost of increas 


ing the number of effects can be roughly 


stated by the equation I’ CN®.78, 
where 
] total capital cost of the installation 
( cost ot one efiect 
N total number of effects in the installa 
tion 

Likewise, a rough estimate of steam 
consumption is satistactory at this point 
Nevlecting the effect of pressure on 
latent heat and also me glectit the effect 
of feed temperature one can rough out 


the steam consun phon of evaporator 


lable A (next 


by the figure in page), 
which are perhaps a bit conservative 
# 
construction, and a team cost re 
duction is mandatory in the mar 
ginal economics of the recovery 
multiple efiect operation 1 maicated 
The optimum number of effect 
controlled by the available ox 
traction steam pre ure at the power 
house turbines provided equipment 
elected which will operate on the lowest 
temperature drop (At) per evaporator 
unit. The requirement of low At can be 
met with either the long-tube vertical 
or the forced-circulation type In stee 
construction, the long-tube, vertical ce 
is le expetisive per unit oF 
oration for this diquid and hence would 
be the choice 

Orange concentration t} 
material requires careful attention le 
cause of the heat sensitivity shown dur 
ne concentration Short exposure time 
ar dvantag eve ut] tempera 
ture Dhese tw lut sract 
have led t the idle tall ng 
fil evaporator ibsequent ‘ am 
cial operat i v1 the 
need for recirculation of entrate t 
maintain wettecd-tuls urlace und «the 
lo ot some of the advantage wht mn 
the falling-film design. ontinuing stud 
ie indicate that the ingle pa opera 
tion possible in the agitated-film unit 


will restore the advantages of the fall 


ing-film design 


lb. of Woter 
Evaporated by 
1 tb. Steam 


1 0.75 
2 12 
3 2.1 
4 3.0 
5 3.5 
6 4.1 


The effect of feed temperature can- 
not be too clearly generalized, although 
it can be said that a high feed tempera- 
ture increases and a low feed tempera- 
decrease 


the supplying 
sensible heat or the availability of sen 


ture the economy, mainly be 


cause ol requirement of 


sible heat for self-evaporation. Feed 


temperature also determines the point 
of introduction of feed to a multiple sys 
tem. Economies can sometimes be en- 
hanced by feeding into that body which 
is nearest to the feed in operating tem 
perature, Again, this cannot be made 


a generalization because of the tempera 


ture variation of viscosity. With 
caustic soda, for example, the  to- 
tal heat-transfer surface can be re 
duced somewhat if the more dilute 
lower viseosity liquids are handled 
in the lower temperature — effects. 
The high viscosity strong liquor is 
usually handled in a higher temperature 
effect because its viscosity at the ele 
vated temperature is less than if the 


solution were handled elsewhere in the 


system 
Dota Required 

The data required for a complete 
evaporetor problem solution are many 
Some are known to be available from 
equipment makers; some must be sup 
plied by the user. Equipment manufac 


turers generally have quite complete 


data on the more common solutions used 

Usually these are: 

1. viscosity range of both tem- 
perature and concentration, 

2. heat capacity over a range of concen- 
tration; temperature variation is usu 
ally not too important 

3. heat of evaporation (latent 
vaporization from solutions) 

4. heat of solution (opposite of heat of 
concentration ) 

5. if are 
crystallization 

6. thermal sensitivity to decomposition, 
flavor loss, bacterial growth, ete. with 
respect to concentration, time, and 
temperature; this is becoming more 
and more important with foods, anti- 
biotics, pharmaceuticals, etc 

7. boiling-point elevation of solution over 
a range of concentrations and tempera- 
tures if atailable; usually this is rep- 
resented by a Duhring line chart 

8. scaling characteristics, either experi- 


over a 


heat of 


solids precipitated, heat of 


enced or expected 
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9 


should be 


lac 
10 
li 
12 
13 
14 
15 


16 
17 


18 


solubility curves vs. temperature and 
concentration if multiple salts or hy- 
drated salts are produced 
In addition to these general data, there 
available from either the manu- 


turer or user 

. consistent or steady-stream pressures 
cost of steam 
maximum cooling water temperature 
or better, the seasonal variation. 
cost of cooling water 
cost of power and power character 
istics 
recommendations on materials of con- 
struction (as an aside, everyone wishes 
to build equipment which will last 
essentially forever. However, it may 
be better to select materials which 
have only a reasonable life, are 
cheaper, and are more available and 
easier to fabricate). 
space available including headroom 
complete analysis of feed and finai 
products 
Any comments on peculiarities of the 


solutions 


observed 


(Sometimes peculiarities are 

by individuals and given no 
particular attention until it is found 
that this peculiarity either prevents 
the equipment from reaching capacity 
or increases maintenance 


Summary of Selection Procedure 


she 


3. 


In selection of one 


proceed as follows 


an evaporator, 


Examine the scaling characteristics 
ot the solution 
(a) Is it a bad sealing solution? If 
so, eliminate natural circulation im- 
mediately and proceed to forced cir 
culation, or the Rosenblad design if 
scaling is unusually bad. 
(b) If it is not a scaling solution, 
does it have a large increase in vis 
If so, 
and long-tube and horizontal, 


cosity ! one can eliminate the 
short 
natural-circulation designs, and re- 
tain forced-circulation and agitated 
film designs. 

(c) If there is minor viscosity vari- 
ation, then one is unlimited and can 
use any design selecting, of course. 
the least expensive 

(d) Is a other to be 
precipitated during solvent removal ? 


salt or solid 
In general this eliminates the short 
tube, horizontal, or falling-film de- 
signs but retains the possibility of 
the 
film design 


ferced-circulation or agitated- 
If controlled crystal size 
is important, the agitated-film design 
is eliminated. 

(e) Is the solution heat 
If so, any unit which has low co- 
efficients or large operating volume 
should eliminated. The falling- 
film or agitated-film designs should 
with 


sensitive ? 


be 
retained a possibility of a 
carefully designed forced-circulation 
unit. 

After selecting the type, the next 
step is to select number of effects, 
using rough figures given earlier. 
After number of effects are roughly 


be 
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chosen, a careful heat balance is run 
on this number to check the assump- 
tion of economy which was used in 
2. It is not that this 
economy will vary greatly, but some- 


expec ted 


times radical changes in feed tem- 
the 
percentagewise 


will make 
change enough 
justify recomputing the number of 
effects. 

4. After the heat balance a care- 
ful calculation of heat-transfer re 
quirements is in order. Where the 
effects are all the same general type 


perature economy 


to 


final 


it is customary to design for equal 
heat-transfer From 
a fabrication standpoint, it is easier 


surface in each. 


and cheaper to fabricate four bodies 


which are similar in every respect 
than four different size bodies. Un 
balancing of heat-transfer surfaces 


is sometimes necessary, though, to 
have deli 
cate ensitive to heat 
and also in the case of rubber-lined 
equipment where the maximum per- 
missible temperature is about 185° F. 
Computation of heat-transfer surface 
is purely and simply based on experi- 
ence except for forced-circulation evap- 


protect solutions which 


constituents 


orator. In the latter, boiling is sup- 
pressed and coefficients can be calcu 
lated based on the Dittus 


tion for heating liquids 


soelter equa- 
Where boiling 
occurs during heating there are at pres- 
ent known which 
consistent, although perhaps Rohsenow’s 
equation (3,5) is the best. Thus the de- 
signer must depend on the experience 
of his own company or equipment manu- 
facturers or upon as near full-scale pilot 
operation as possible. By this is meant 
that the pilot plant, although reduced in 
capacity, should be physically designed 
to simulate the final commercial equip- 
ment as close as possible, and that the 
same liquid solutions be used. 

After heat-transfer sur- 
area, it is to develop 


no correlations are 


selection of 
face possible 
the physical dimensions of the equip- 
ment and finally to select the auxiliaries. 
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Shell Chemical Corp. 


C. V. Wittenwyler stow 


he epoxy basically a 
type of resin for coatings and plas- 
tics available 
commercially for only five years. Since 
their 1950 by Shell 
Chemical Corporation under the trade 


resins, new 


applications, have been 


introduction in 


name Epon, they have been widely ac- 
cepted and are now among the fastest 
Their rapid accept- 
ance and growth are due largely to two 
features 
of physical, and 
properties, and (2) the ease with which 


growing plastics. 


(1) their unique combination 
chemical, electrical 
they may be formed into many useful 
products 

Only twenty years ago the plastics in 
dustry was in its infancy; and yet today 
it is industries selling 
over a billion dollars worth of product 


one ot a tew 


a year. The plastics industry is now 
the largest single consumer of organic 
and is still 
steady rate. The volume of plastics sold 
has doubled every five years. The first 
class of synthetic the 
phenol-formaldehyde resins, is still sold 
in large quantity. 


chemicals growing at a 


resin made, 


The phenolic resins are excellent resins when 
properly used but would be woefully inadequate 
if they were the only resins available for all 
the plastic needs today. 
ple, are needed to provide flexible resins, the 
acrylates for water clear resins, the nylons for 
fibers, the styrenes for rigid moldings, and the 
alkyds for coatings. 


The vinyls, for exam- 


The increasingly specialized uses for 
plastics have caused a growing need for 
new and improved The 
ability of the plastics industry to recog- 
nize and meet the more demanding con 


materials. 


sumer needs by developing new resins 
is largely responsible for its continued 
success. The epoxy resins are the new- 


Figure 2. 


est of these developments in the search 
for better plastic products. 

The epoxy resins, and there are sev- 
eral members of this class, are all light 
amber-colored liquids 
and some solids 
they are put usually determines which 
form is preferred. Their properties are 
shown in Table 1. Curing 
them to thermosetting resins which can 
thus be used at elevated temperatures 


materials, some 


The end-use to which 


converts 


The epoxies are completely unrelated to 
any other previously used plastic. They 
are made from bisphenol and epichloro 
hydrin according to the reaction shown 
in Figure 1. Both of rather 
obscure, but plentiful starting materials 


these are 


are made from fractions of petroleum 
Their 
groups 
chemical 


trom epoxide 
The 


these 


name is derived 
they 
structure of 
shown in Figure 2. 


The epoxide groups also explain their 


contain general 


resins 15 


particular chemical nature and special 


type of curing. Epoxy resins may be 
converted without heating from liquid 
to hard, tough plastics by mixing in a 
small amount of amine curing agent 
Since introduction, these ver 
satile resins found 
paints, varnishes, and enamels for nearly 
industrial 


their 
have wide use in 
every type of coating used by 


and home consumers. They are also 


used in structural plastics, as castings, 


laminates, and adhesives 


Coatings are used for household paints and 
food-can 


nance paints, corrosion-resistant primers, chemi 


varnishes, linings, indus‘rial-mainte- 


cally resi quip and wire 


enamels 

Lominates ore used to moke printed circuits, 
radomes for housing aircraft radar sets, storage 
high-strength, corrosion-resistant 


tanks, ond 


pipes. 


Properties 


low shrinkage during cure 
excellent adhesion 


good electrical properties 
very good flexibility 
high solvent resistance 


Primary Epoxy Resin 


good cures at low temperatures 


broad spectrum chemical resistance 


wide control over product properties 


using the epoxy resins 


Castings ore used to pot or encapsulate elec 


tronic circuits for protection from moisture 
shock, and vibration; and in tooling, to make 
dies used to form sheet metal. 

Adhesives are used in many applications, but 
their wide use in aircraft structures exemplifies 


their high strength and dependability 


Epoxy Coatings 
At present the epoxy resins find their 
greatest use in the field of surface coat 


ing 
ance of all types of surtaces 


to protect and enhance the appear 
They can 
baked 


hey 


easily be made into air-dried of 
enamels for indoor or outdoor use 
can be applied by brush or spray over 
metal, wood, concrete, plastics, or paper 
All epoxy coatings show a high degree 
of flexibility, adhesion, and chemical 
Sheet 
can be folded double with 
out cracking the epoxy film. The coat 
ing suthcient that 
coated metal may be stretched, punched 


nicked 
though often 


resistance metal coated with 


epoxy resins 
the 


shows adhesion 


crimped, stamped, and without 
film failure. These films, 
less than two thousandths of an inch in 
thickness, resist the effects of acids and 
temperature and high 
well as the effects of 


Though many of the 


bases at room 
temperatures as 
strong solvents 
synthetic resin coatings made today re 
sist one or destructive 
agents, the epoxies represent a 


approach to the universal finish by pro 


more of these 


closet 


viding a broader range of protection 
Most epoxy coatings are quite similar 

conventional 

also to a 


in application to paints 


their use has led 
new type of paint employing an epoxide 
Unlike 


olvent evaporation or ait 


However 


cure other paints that depend 


upon oxida 


coat 


tion for their drying qualities, tl 


Figure | 
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Table 2.—White Enamels for Home Appliance Application 


Alkali Yellowing Weathering 

Hardness resistance ot 300° F. durability 
Alkyd Poor Poor Poor Good 
Alkyd-urea Good Poor Fair Good 
Alkyd melamine Excellent Fair Good Good 
Epoxy melamine Excellent Excellent Fair Good 
Vinyl Fair Good Poor Fair 
Methacrylate Poor Poor Excellent Fair 
Silicone Geod Excellent Excellent 


ing depends upon neither, The paint 
dries chemically by the addition of an 
activator. Before use, a small amount 
of an amine activator is stirred into the 
paint. After it is applied, it sets up 
chemically to a hard, tough coating 
which withstands the effect of weather, 
chemicals, and solvents. This special 
type of coating was developed to meet 
the demand for a coating that had the 
qualities of a baked film yet required 
no heat for hardening 


Many items such as large tonks, wood floors, 
steel structures, and concrete ond plastic mate- 
rials cannot be baked, either because of their 
size or heat sensitivity, but still require the 
protection of a boked type of coating. They 


At Crane Co., Chicago, Epon" resin is used in 
three formulations for casting, molds, and mold 
cores to make patterns for valves and other 
equipment. Shell photo. 


Softening 

point, C. 
Epon 562 liquid 
Epon 8628 8-12 
Epon 834 20-28 
Epon 864 40 45 
Epon 1001 64-76 
Epon 1004 95-105 
Epon 1007 125-132 
Epon 1009 145-155 


may be readily coated now with this cold-cured 
paint and still enjoy most of the benefits of o 
baked finish. The epoxies are the only class of 
resins that will cure in this way. 

This amine-cured epoxy finish has been used 
successfully on chemical plant structures and 
quip t. For e ple, one chemical plant 
which is exposed to the effects of high humidity, 
hydrochloric acid, and chlorine gas was trou- 
bled with severe corrosion losses. Conventional 


paints all failed rapidly in six months or less 
The cold-cured Epon resin finish was tried and 
has lasted more than two years without failure. 
Similar success hos been achieved in coating 
offshore drilling rigs used in the Gulf of 
Mexico. Salt-water immersion makes this ‘a 
severe test for any coating. The epoxy coatings 
have provided excellent protection from cor- 
rosion, This type of epoxy coating is used also 
to protect the Douglas DC-6 and DC-7 aircraft 
used by many airlines throughout the world. 
i 


dh 
to i 


Few coatings show good 
and on aircraft the life of a film is shortened 
further by the hydraulic fluid occasionally 
sprayed on the coating, the hot exhaust gases 
from the engine, the deicing fluids used, and the 
erosive effects of raindrops at 350 miles/hr. 
Three hundred paints were tested but only one, 
an amine-cured paint based on Shell's Epon 
1001 resin, gove complete protection after 


1,000-hr. service. 


The other, more conventional types 
of epoxy paints and enamels have been 
just as impressive in their performance 
as this new type of paint in providing 
more lasting protection and better ap- 


Table 1.—Properties of Epon Resins 


Color,* 

(Gardner) Viscosity,* 
max. (Gardner) 
5 c-F 
12 (50-150 poises) 

10 AoA, 
8 A,-8 
8 c-G 
6 Qu 
8 Y-Z, 
zZ,-2, 


* On 40% solution in butyl carbitol except Epon 562 and Epon 828 which are undiluted. 
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Net Cost 

Flexibility rating index 
Good 26 34 
Good 37 45 
52 5.5 

Excellent 60 6.0 
Poor 34 5.7 
Good 44 11.5 
Good 64 100 


pearance. A summary of their perform- 
ance and relative cost is shown in 


Table 2 


Epoxy Laminates 


The properties which make the epoxy 
resins successful in surface coatings 
have also made them of special value 
in laminates. Laminates, made by bond 
ing together sheets of cloth, paper, as 
bestos, or other material with resins 
have been known for a long time 


They are made by saturating the sheets 
with the resin, then curing the resin in a 
press with the use of heat and pressure. 
Formerly resins used in making laminates 
required pressure of 1,000 lb./sq.in. or more 
to cure them properly. This high pressure 
required large presses to make laminates 
of any size. Such presses were expensive, 
and consequently laminates were limited to 
small sizes. Recently, low-pressure lami 
nating resins have been developed which 
can be used at pressures of 25 Ib./sq.in 
and lower. 


The epoxy resins are low-pressure 
resins, and large area laminates can be 
thus made in moderate capacity presses. 

The epoxy resin laminates are nor 
mally made with glass fibers as the re- 
inforcing material. These laminates are 
generally used as high strength or elec- 
trical laminates rather than for lami- 
nated plastic automobile bodies or for 
contour furniture. Their excellent elec- 
trical properties make epoxy laminates 
ideally suited to printed circuitry for 


Equiv. wt 
for esters 


Wt. / epoxide 


140-165 
190-210 
225-290 
330-375 
450-525 
870-1025 
1650-2050 
2400-4000 


¥ 
wer 
Ny 
+ 
- 
8s 
105 
15 
145 
175 
| 200 
220 


radar and electronic circuits, and for 
radome housing in aircraft. 

The tensile strength of these fibers is 
over 250,000 Ib./sq.in. It has been 
found that more of the benefits of the 
glass fibers are utilized in epoxy resin 
laminates than for other resin laminates 
because of the better adhesion of epoxy 
resins to the glass, their lower shrink- 
age during cure, and their ability to 
“wet” and bond the fiber more com 
pletely. This effect is shown in Table 3. 


These epoxy-glass cloth laminates have 
less than % the weight of structural steel, 
yet the same magnitude of tensile strength 
on an equal weight basis, the epoxy lami 
nates have a tensile strength five times 
that of structural steel. In addition, they 
do not corrode from the effects of exposure 
or chemicals, they are easy to fabricate 
and assemble, and never need painting 
Experimental Epon resin laminates have 
shown exceptional service at temperatures 
up to 500° | After 200 hr. at 500° F., these 


laminates have flexural strengths as high 


as 36,000 Ib./sq.in. Laminates showing this 
particular high-heat-resistance quality ar« 
of interest to the Air Force as structural 
materials for aircraft. As aircraft speed 
advance beyond the speed of sound, ski 
temperatures of 500° F. will be generate! 


just from air friction. Both aluminum and 
magnesium suffer a marked reduction of 
strength above 300° F.. so new materials 
of construction must be found. In _ this 
field, light-weight, high-strength, heat 
resistant Epon resin laminates are being 
studied intensively and show much promise 

Storage tanks have been made from 
staves of epoxy-glass laminates. Tanks 


as large as 500-bbl. capacity have been put 
in service in petroleum and chemical 


storage. Their light weight permits savings the process industries. Now in the «e ce rs ive chemica ache " ‘ ‘ 
in freight costs and simplifies construction velopment tage, this new kind of pipe —_— 
Because of their resistance to atmospheric is made by winding glass fibers aroun: Another interesting application fo 
corrosion, these tanks require no painting a mandrel of appropriate » ep laminate i ‘ 1 temporar 
and little upkeep. They are not attacked 
patching material tor metal and ceramic 
by acids or other corrosive chemicals as fevers of ole we 
steel tanks are thoroughly aturated wit! the epoxs resin pipe tatik ind ve el I he Cpoxic 
Test strips show no significant change in and, when the desired thicknes heen ire of per il interest here hecause of 
wage or flexural strength wed hr. in built up, the laminate is cured with heat their rapid room-temperature curing 
ling acetone or water mor ‘ 
expensive initially teel tf der their excellent adhesion, and thew 
‘ and is ready for use fecause these « 
longer service life is expected to make singe degree of chemical resistance. Patche 
them more attractive for many application available on their properties are limited are easily applied to damaged or cor 
however, it is clear that they will permit roded equipment without the nee 1 of 
Another type of epoxy laminate made higher — ratures and gr no oper “- any heat. This is a distinct advantage 
in the form of a pipe shows promise pres es thar I , . a part eularly for field repair where it 
: plastic pipe. The epoxy pipe may be used 
for use under corrosive conditions in jin a wide variety of services involving flammable vapors are present 
Table 3.—Strength Properties of Glass Reinforced Plastics (20% Giless) 
Sp. Gr. impact Strength Stress at Fracture Modulus of Elasticity 
(f1.ib./in.) (1,000 Ib./sq.in.) (Ib./sq.in. 10°) 
compression flexure tension compression flexure tension 
18 4 56 42 43 3 
Allyl-gloss 17 15 30 62 4) 38 28 25 
Polyester-glass 18 16 33 53 38 20 20 18 
Silicone-glass 17 8 10 9 5 1 
Phenolic-gloss 16 7 18 23 23 15 20 
Epoxy-glass 19 7 63 70 55 43 37 35 
24 ST aluminum 27 22 64 64 44 10 
Structural steel 78 42 60 60 60 29 


Storage tanks containing solvents and acids at 
Diemond Alkali insecticide plant at Houston 
ore sproyed with o three-coot protective finish 
based on Epon" resin. Shell photo. 
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These patches are applied to the cleaned 
surface by first brushing on a thick coat 


of liquid epoxy resin to which a low- 
temperature curing agent has been added. 
A piece of glass cloth cut so that it 


extends beyond the hole is then laid over 
the coated surface. The cloth is worked 
with a wooden paddle to impregnate the 
cloth with the resin. A second and third 
layer is then applied, and more if neces- 
sary, with the resin being brushed over 
each layer of glass cloth. The patch is 
finished by brushing a thick coat of resin 
over the final layer of cloth. After curing, 
the equipment can be returned to service. 
The U. S. Navy has written a specifica- 
tion around this type of epoxy patch for 
emergency damage control aboard ship. 
(Qualifications require such a patch on a 
2'4-in. diam. pipe to withstand a pressure 
of 200 \|b./sq.in. 1 hr. after application, On 
a flat plate such a patch must withstand 
a pressure of 2,000 |b./sq.in. before failure. 


Epoxy Castings 


Epoxy castings are usually made from 
the liquid resins. The curing agent is 
stirred into the resin before use, and 
the casting is cured either at room tem- 
perature or by baking in an oven at 
moderate temperatures. The properties 
which make the epoxies outstanding in 
the casting field are their low shrinkage 
during cure, simplicity in handling, high 
strength, good heat resistance, dimen 
stability, and electrical 
At present the two largest 
uses for epoxy-casting formulations are 
as potting compounds for the electrical 
industry and as a die material for the 
tooling industry. 

Tiny radar-type electronic sets are 
used in all of the guided missiles which 
are becoming increasingly important in 
These circuits must be 


good 


sional 
properties. 


national defense. 


Epoxy resins in industrial application 


Epoxy resins protect (1) an open chemical structure exposed to acid 
ond weathering conditions, (2) an interior installation exposed to 
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potted to eliminate damage from me- 
chanical and thermal shock as well as 
damage from water or vibration. 

Epoxy casting resins are also being 
used to pot transformers and windings 
of electric motors for use in severe ex- 
posures. One such type of potted motor 
has also been used to make combination 
motor-pump and motor-compressor 
units. One of these units is made by 
inserting the pump package inside the 
motor stator and encapsulating the en 
tire unit with epoxy resin. A half-horse- 
power unit made this way is only 6 in. 
in diam. and 6 in, long. 

One of the most interesting applica- 
tions of epoxy castings at present is 
their use in metal forming dies. The 
epoxies are ideally suited to this appli- 
cation since their low shrinkage provides 
accurate reproduction of the master 
forms, They also have good resistance 
to heat, high compressive strength, good 
adhesion, and are easily cured, 


Epoxy Adhesives 


One of the inherent properties of all 
the epoxy resin formulations is_ their 
adhesion to many different types of sur 
faces. A wide variety of industrial ad- 
hesives can be prepared from the epoxy 
which show excellent bonding 
In contrast to many organic 


resins 
properties, 
adhesives, the epoxy resin adhesives re 
quire little or no pressure to bond two 
surfaces together. In addition, they are 
cured at moderate temperatures or even 
at room temperature. Although they 
are fluid, they contain no volatile sol- 
vents, thus eliminating the need for an 
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evaporation period between application 
of the adhesive and assembly of the 
parts. 

Epoxy adhesives have the ability to 
bond a wide number of dissimilar mate- 
rials together. Wood, glass, steel, alu- 
minum, plastic, ceramic, and rubber are 
easily bonded with these adhesives. Like 
the other epoxy polymers, they have ex 
cellent chemical resistance. Their high 
lap shear strengths, over 2,000 Ib./sq.in., 
have created wide acceptance for these 
adhesives in the aircraft industry. Over- 
all joint strengths of adhesive bonded 
sheet metal are not only higher than 
for riveted joints, but the bonded joints 
are also free of points of strain. Epoxy 
bonded joints also more than 
twice the strength of soldered joints. 


show 


A recent development is the use of these 
adhesives in making rigid, high-strength, 
low-weight structural members for aircraft 
construction by bonding aluminum skins to 
a paper or aluminum honeycomb core about 
'4-in. thick. Their moderate curing con- 
ditions make the assembly of these mem- 
bers a simple operation. 


A new type of epoxy adhesive of 
great promise has been developed in the 
form of a film rather than a paste. The 
epoxy resin is impregnated on a glass 
cloth carrier. For use, a piece of the 
adhesive film of suitable size is inserted 
between the two members to be bonded, 
and the bond is made by heating. This 
special type of adhesive has the ability 
to withstand temperatures up to 500° F. 
It is intended for use in supersonic air- 
craft and guided missiles where air fric- 
tion generates temperature conditions of 
this magnitude. 


at Monsanto's John F. Queeny Plant, St. Lovis, Mo. Photos are 
reproduced through the courtesy of Monsanto Chemical Co. 


solvent conditions, and (3) exterior storage tanks exposed to general 
chemical and weathering conditions. 
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Heat Transfer and Flow Friction 


Characteristics of Porous Media 


J. E. Coppage and A. L. London 


porous medium may be defined as an 
A aggregation of solid bodies arranged 
so that the void 
bodies are connected and will permit the 


spaces between the 
through passage of a fluid. In_ this 
rather general definition a porous med 
ium may be a single tube with fluid 
flowit g through it; or a bank of parallel 
tubes with fluid flowing in 
normal to the axis of the tubes; or a 
As the flow 
characteristics of general three-dimen- 


a direction 


bed ol spheres or gravel 
sional flows, typified by the last example, 
appear to be quite different from those 
of one- or two-dimensional flows through 
regular passages, as in the first two ex 
amples, the term porous media will be 
used throughout this paper to refer only 
to those random aggregations of solids 
which result in three-dimensional flows 
with frequent expansions and contra 
tion 

Among the important applications ré 
quiring a knowledge of, and a compre 
hensive information on, heat transfer, 
mass transfer, and flow friction charac 
teristics of porous media are: (1) ab 
sorption and stripping columns, (2) 
catalyst beds, (3) periodic-flow heat ex 
changers, and (4) nuclear reactors 

The first two applications are well 
known examples of the use of granular 
packings to obtain a large surface area 
in a small volume for continuous flow 
mass transfer and chemical reactor 
systems 

The third 
regenerative heat exchanger 1 


namely the periodic-flow 
a device 
in which the energy transfer from hot 
to cold fluid is accomplished by a tran 

fer from the hot fluid to a solid matri» 
followed by a later transfer to the cold 
fluid. Common examples of this type of 
exchanger are the Liungstrom air pre 
heater or blast furnace brick checker 


work air preheaters. The compactne 


of such exchangers can vary greatly 
with the use of different porou media 
for example, wire screens having 300 
mesh/in. provide about 11,400 sq.ft. of 
surtiace area/cu.tt compared with 

J. E. Coppoge is with the AiReseorch Manu 
facturing Company, Los Angeles, Californie 
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obtainable by remitting $1.25 for photoprints 
ond $1.25 for microfilm 
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Stanford University, Stanford, California 


0.8 sq.it./eu.fit. for brick checker work 
Nuclear reactors, the fourth applica 
moderator and tuel 


tion, may employ 


elements in the torm of porous media 
with the cooling fluid passing d rectly 
through them. This | 
etlective cooling with a po ible reduc 


would mean more 


tion mn reactor bulk and therefore shield 
ing volume 
Although some work has been done m 


this country and some in Great Britain 


there remains a dearth of data in the 
literature, especially on the heat transi 
characteristx More recently, under the 
Office of Naval Research sponsorship at 


Stanford University i body of data on 


screen matrice and tor ome 


packer 
sphere bed, has been obtained (7), and 
the main purpose of this paper is to pre 
ent these later results. More peciti lly 
the objectives are (1) to present con 
vective heat transfer and flow friction 
data for the flow of air through wire 
creen moatrice and sphere matrice 
(2) to summarize previous work in the 
field and to compare the previou re 
ults with the results of the present in 
ind (3) to propo 


general correlation of the available heat 


vestigation ; ea uselul 


insfer data 


Experimental Date 


DESCRIPTION OF MATRICES 


Matrix materials used in the investigation were 
woven wire screens, and spheres only. The 
reasons for this restriction are: (1) the geometries 
are completely known and controllable, so thot 
results may have more general applicability; (2 
wire screens permit a fairly wide variation of 
geometric porameters while providing the ran 
dom, three-dimensional flow which is character 
istic of porous media; (3) sphere bed geometry 
is ot the other end of the porosity spectrum 
from wire screens, thus giving a broad range of 
porosity tested by one technique, and in addi 


tion, spheres are the “standard” used in flow 


friction correlations for granular materials; (4 


wire screens are of direct interest in periodic 
flow heat exchanger applications 

Test matrices were constructed, one from each 
of six different sizes of stainless steel wire screen 
and one from one size of lead shot. The 
photograph, Figure 1, indicotes the type of 
wire screen motrix tested, along with the 
matrix-holding device. Details are given in 


Tables | through 4 (A.D.1,) 

The screen matrices were all composed of 
2.985-in. diam. circular sections of stainless steel 
wire screen contained in a belo wood holder 
For a given type of screen several matrices 
were tested, each having a different number of 
screens. The reason for this is to minimize the 
net experimental error arising from the effect 
of heat loss to the surroundings. in contrast to 
the conventional steady-state technique is 
much more important to insure a small heat leak 
for the transient technique (1 One series of 
matrices wos tested to obtain information on 
the effect of separating the screens (Table 3 
The screens were separated 1/16 in. by gluing 
three short segments of | 16in. diam. bros 
rod around the periphery of each screen, and 
by stringing 1/16-in. “woshers” made from 1/16 
in. diam. brass tubing in the centers of the 
screens to keep the screens plone 

The sphere matrices were held in position by 
two 60 * 60 mesh, 0.0! 1-in. wire diam. screens 
which were in turn supported by two X-chaped 
braces made of ‘sin. wide strips of 0015 in 


steel shim stock, set edgewise to the flow 
EXPERIMENTAL METHOD AND 


EQUIPMENT 


triefly, the experimental method used 


obtaining the heat transfer data is 


follow the matrix, initially at a um 
form temperature heated by a fluid 
(air for these test which enters at a 
constant, } ghet temperature The tem 
perature-time history of the fluid leaving 
the matrix is recorded during tl heat 
ng proce lhis heating curve com 
pared to the temperature-tune curve 
irom the Schumans inaly of eat 
ranster to an idealized porous medium 
( im] on this manner the heat tras 
le unit conductance can be determin 
In the present method the compa 
between actual and analytically predicted 
i ny ed by ma ] 
mum slope Other mea 
parisor ire covered (] ari (3 
i further discusstor f th expe 
tal te hnique container 


Fig. 1. Photograph of matrix-holding device and 
5 5 mesh wirescreen motrix. 
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Fig. 3. Photograph of test apporetus 
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The flow friction experimental method 
is the conventional steady-state isother- 
mal flow procedure used by most investi- 
gators, in which the pressure drop is 
measured for essentially constant den- 
sity air flow. 

The experimental apparatus used in these 
tests (see Figures 2 and 3) consisted essen- 
tially of a rotameter type of air-flow 
measuring device, a flow-straightening sec- 
tion, an electric resistance heater, an air 
switch-box, the matrix and matrix-holding 
device, upstream and downstream thermo- 
piles (eight junctions), and a temperature 
recorder. For the heat transfer runs air 
was by-passed through the switch-box 
while being heated; when the air and 
switch-box temperatures became stabilized 
at about 20°F. above room temperature, 
the air was switched to pass through the 
matrix, and the data were then recorded. 
Care was taken to insure uniformity of 
iitial matrix temperature by a preliminary 
flow of unheated air at essentially room 
temperature, The matrix holder pictured 
in Figure | was made of balsa wood. This 
material has the requisite characteristics 
of both a low thermal conductivity and a 
low volumetric specific heat. A detailed 
consideration is given of the influence of 
heat leak on the test accuracy (1). 

For the flow friction runs the air switch 
hox was replaced by a piezometer ring and 
pressure drop measurements were taken 
with inclined manometers during steady- 
state flow conditions, 


Results 
1, HEAT TRANSFER DATA 


Heat transfer results are presented 
first in a semigeneralized form by a 
modified Stanton number times Prandtl] 
number vs. Reynolds number plot. The 
modifications consist of somewhat dif 
ferent definitions for the mass velocity 
and characteristic dimension from what 
are usually employed. These quantities 
have been defined to represent certain 
average conditions within the complex 
flow passages of the matrix. The point 
of view adopted here is that the general 
porous medium must be viewed as an 
aggregation of flow passages rather than 
aS an aggregation of solid bodies. The 
characteristic dimension is defined as the 
hydraulic diameter, D,, where D,=4r, 
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Fig. 2. Flow diagram. 
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and — 


in which 


total volume of 
connected void spaces 
. = porosity 
total volume of matrix 
total surface area 
of connected voids 
- ————.— = area density 

total volume of matrix 
It can be readily shown that this defini- 
tion coincides with the usual one when 
considering flow in cylindrical passages. 
For the average mass velocity definition 
an average flow cross-sectional 
area, A,, may be defined such that 
AyL 
trix 
Thus 
1, aA, (la ) 
where A, is the total frontal area of the 
matrix, The average mass velocity, G,, 


iree 


volume of flow passages in ma- 
aA,L 


is then defined by 


Wy Wy G 


G, (1b) 


Ay ae 1, a 
Similarly, the average flow velocity, V;, 
is 


ap 


The data presentatien is in the form 

h Cp 
‘p — 

k 


or 


lor each type of screen tested, 


(2) 


py (<a) 


The above representation is reasonably 
complete for granular beds or porous 
solids all of approximately the same 
porosity, but for wire screen matrices a 
new parameter and further modification 
of G, and D, are necessary. As the 
screens may be separated from each 
other, a longitudinal pitch ratio must be 
introduced. The following definition is 
used, 

distance between screen 
center-planes 


screen thickness 
(n— 1)8 


where & is the thickness of one screen 
(8 ~ 2D,,). In order to allow the ef- 
fects of screen separation to be reflected 
only by pz, it is necessary to change the 
definition of a and B so that they will 
not vary when the screens are separated. 
By introducing a’ = porosity of a single 
screen and f’=surface area per unit 
volume for a single screen where volume 
measurements are made between the 
bounding planes of the screen, the effects 
of screen separation are eliminated, and 
further, these quantities become identical 
with a and B for a perfectly packed 
matrix (i.e, = 1). Therefore, 


(3) 
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$00 


Fig. 4. and vs. N,’ for the 60 60 
mesh—0.011-in. wire diom. screen motrices, 


) 


tr 


Fig. 5. Nyr'Np» and f vs. Ny for the 60 x 60 
mesh—0.0075-in. wire diam. screen matrices, 


a’ 0.675. 


SEPARATED 
& 6 Screens 
19 Screens 
© 39 Screens 


10 Screens 
20 Screens 
39 Screens 
40 Screens 


9O(N, 


Fig. 6. and vs. for the 24 24 
mesh—0.014in. wire diom. screen matrices, 
a’ 0.725 
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heat transfer 


wy, A; GU, a 
Vé V /e lines terminated by short horizontal lines 


, represent the spread of the data about 
and the data for wire screens will be i | 
the straight lines drawn in Figures 4 


represented by 
rough 


4r,’G 
( - *( =@ —, a (5) Some tests were performed to estab- 
Gye kA » ish the influence of screen separation 


or The 24 x 24 mesh, 0.014-in, diam. wire 


Na Npp= O(N ag’, fr) (5a) screens were tested both in the packed 


Heat transfer data obtained for the 
wire screen matrices are shown in Fig 
ures 4 through 9 (lower half). It will 
be noted that the data are well repre- 


condition (pf, about 1.1) and with a 
separation giving a Pp, ot about 3.2 (see 
Figure 6). No change in heat transter 


characteristics c uld be detected which 
exceeded the experimental uncertainty 


sented by straight lines on the log-log. 
+t This result is supported by additional 
plots for the range ot Reynolds numbers 
03 data (5). Thus, for the heat transfer 
Ne covered. It seems quite probable, how : 
11.000 |_| 80011) data, is evidently not a significant 


ever, that these straight lines are 
Fig. 7. ond f vs. for the 16X16 =merely approximations to segments of 
aa wire diom. screen matrices, curved lines, the small curvature having 


parameter conclusion would not 
have been evident without the use of a’ 


and as correlating factors in lace 
been masked by the experimental uncer 
“ ola and B. 


tainty of the present work. This uncer- 


The experimental data for the sphere 


tainty interval is estimated to be 15% 
matrices are presented in Figure 10, 


for the heat transfer data, due primarily 
to the difficulties inherent in the experi 
mental method.* 

The reason that curvature is to be ex 
pected is that the present data lie in the 
transition Reynolds number range, as 
demonstrated by the flow behavior, and 
nearly all heat transfer data for all types 


where Ng,Np, is plotted against NV» 
The reported Reynolds number range 
was less than for the screen tests be 
cause of limitations imposed by the cal 
culated experimental uncertainties. How 
ever, it is felt that the 20-fold range 


of geometries exhibit some degree of |} : 
curvature in this range. It should be ed! | 
noted that early transition is quite char nets 
bt ‘ : “Tis f rreguiz 
acteristic of bluff r irregular 
| flow passages, in which flow separation be, at 
ind vortices appe at low Reynold 
numbers. Thus the straight line repre SS | 
sentation should not be extrapolated be ? 
5 < 1,000, and tl po t out 
» need fe ata covering a wider A 
the need for data covering a r Np 0 tu 


range. 
06 
Fig. 8. and vs. Ny’ for the 10 X 10 A general, empirical correlation of the 
mesh--0.025-in. wire diom. screen matrices, o4 
' wire screen results was discovered. It 
was found that both the ope and posi oz 
tion of the straight line, fitted to the 
meni + individual sets of data, definitely tended QL. 
> 
10 Screens | to increase with an increase in the screen 006 
a2 
40 Sovens porosity a’. Note that each of Figures 4 
© 65 through 9 represents one a’. This led to 005 erty 
the following relation 
N pre ol a’) * N m (6) Fig. 10. and f vs. Ny for the 0.0818-in 


diam. sphere matrices, a 0.385 0.390 
where é(a’) and m are plotted in Fig 

ure 11 as functions of a’. The coefhicient 

dla’) define the positior the 

ponent m the slope of the straight line 

on the log-log plots, Figures 4 to 4 Thi ‘ 
type of correlation was four d to be cap 
able of representing virtually all data 
points to within +20%; the dotted 
curves in Figure 11 indicate *+20% y 
deviation from the recommended corre- 

lation line (solid curve). The vertical 


* The straight lines shown in Figures 49 do 
not represent the best fit for each set of dota 


10 i i Li 
sets 000 
11. Cerrelation of heat transfer dota of 


Fig. 9. Noer'Npg ond f vs. Ny’ for the 5 * 5 because they ore derived from the more gen Fig 
mesh—0.041-in. wire diom. screen matrices, eral correlation for all the motrices, including present investigation exponent and coefcent 
sphere beds, which will be described loter for Equation (6)—m, and v4. anda 
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covered is enough to allow some general 
conclusions, 

A point of interest is how the sphere 
data compare with the general correla- 
tion for screens in Figure 11. A straight 
line through the data gives a best fit 
m=0.31 and a best fit = 0.21. These 
points are plotted in Figure 11 for 
a=0,39. It is quite evident that the 
sphere data point on this curve is defi- 
nitely within reach of reasonable ex 
trapolations of the m and #(a) functions 
indicated for screens. These extrapola 
tions have been drawn in, and data from 
previous investigations intro 
duced later to provide additional sup 
port for this general correlation. 


will be 


INFLUENCE OF PRANDTL NUMBER 

For all the present results Np,=0.71 
and =0.796. A NgNp, correla- 
tion is employed instead of NgNp,%, 
because it is believed that the flow is 
essentially of a laminar nature, and an 
exponent of unity, as for laminar flow 
in long ducts, was deemed most appro 
priate 

One may weil argue that a two-thirds 
exponent is more appropriate and, until 
this question is settled, it is left to the 
user of these results to employ his own 
judgment. It is a simple matter to con 
vert Equation (6) to an Np,™ form by 
multiplying #(a’) from Figure 11 by 
0,796 /0.71 = 1.12. 


2. FLOW FRICTION DATA 


The flow friction data are presented 
in a modified Fanning friction factor 
vs. Reynolds number type of representa- 
tion, By the use of reasoning parallel 
to that presented for the heat transfer 
consideration, suitable definitions for the 
friction factor and Reynolds number are 


GRANULAR BEDS AND POROUS SOLIDS 
AP /p 
(L/r,) V 2/29.) 
(definition of f) 
(4r,.G, ‘m) 
(definition of V,) 


K 


@(N,) ) 
WIRE SCREENS, PACKED AND SEPARATED 
AP /p 
(nd'/r,') (V 
(definition of f') 
(definition of N,’) 

= @(N,', 

I:xperimental results for the flow fric 
tion behavior of wire screen matrices 
are shown in Figures 4 through 9 (upper 
half). The expected uncertainty interval 
is +5%. These curves, starting just 
within the laminar flow region and ex- 
tending well into the transition region, 
clearly reveal the transitional character 
of the flow, nearly to a fully developed 
inertial flow condition. 
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“aed 
Fig. 12. Correlation of heat transfer data from 
other investigations. Heavy lines ore from 


Fig. 11. 


Attempts to obtain a more general 
correlation for flow friction data were 
not successful. The only statement of a 
general nature which can be made is that 
all the data for 
+25% of a median curve for the 


the various matrices lie 
within 
range of Reynolds numbers investigated 
(Figure 13) 

Contrary to the heat transfer behavior 
the effects of screen separation on flow 
friction are marked. Figure 6 
reveals that for a’=0.725, a change of 
p, from 1.1 to 3.2 results in a decrease 
in pressure drop on the average of 25% 
The same type of behavior has 
noted in low Reynolds number flow over 
tube banks (6). For higher Reynold 
numbers the advantage decreases, and 
screen may become a 
disadvantage, as in tube banks. 

The flow friction characteristics of the 
sphere matrices are presented in Figure 
10 (upper half). As data on sphere bed 
flow friction behavior have been estab- 


quite 


bee 


separation even 


lished by many investigators, this inclu 
sion here gives no really new informa 
tion, but it supports the reliability of the 
present test procedure and instrumenta 
tion, 


3. VARIATION OF FLUID PROPERTIES 
IN THE BOUNDARY LAYER 
As the maximum temperature differ 
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Fig. 13. Extremes of heat transfer and flow 
friction behavior of wire-screen matrices, and 
relative position of sphere dato. 


Chemical Engineering Progress 


ence for heat transfer employed in these 
tests did not exceed 20° F., the heat 
transfer results reported here do not in- 
volve the question of what kind of aver- 
age temperature to use in the evaluation 
of “film average” properties. Extension 
of these data to technical applications 
will of course require some decision on 
this currently debatable point, especially 
where large temperature differences and 
strongly temperature-dependent fluid 
properties, \ p,, w, c, and p, are involved. 


Comparison with Data of Previous 
Investigators 


1. HEAT TRANSFER DATA—WIRE SCREEN 
MATRICES 


The inherent experimental difficulties of 
obtaining reliable heat transfer data for 
porous media have retarded the accumula- 
tion of results. Only three previous investi 
gations have been made which included 
tests of wire screen matrices: that of Romie 
and associates (5), that of Saunders and 
Smoleniec (8), and that of Johnson (9). 

Romie, using essentially the same experi- 
mental method as employed in the present 
work and covering about the same Reynolds 
number range, tested two screen matrices, 
in which the screens were separated 1/32 
in. In order to compare these data with 
the present results, a mean straight line 
was drawn through the points for each 
matrix. Due to scatter, more than one 
interpretation was possible; the one se- 
lected was the best straight line having a 
slope taken from the m vs. a’ curve in 
Figure 11. It should be pointed out that 
in order to convert Romuie’s data to the 
Nai’ Np, V8.N,' type of representation used 
in the present work, it was necessary to 
assume a value of 8’, the screen thickness 
The best estimate that can be made is that 
a’ = 2D,, even though this assumption 
may be in error by as much as 10%, as can 
be seen by examining Table 1. The esti- 
mated uncertainty is only about 5%, how 
ever, with the introduction of an expected 
uncertainty of 5% in both N,,’ and N,’, 
attributable to the error in 4’ alone 

Results of this conversion are shown in 
Figure 12, where the general correlation of 
the present data from Figure 11 and the 
results of some previous investigations are 
presented. Romie’s data comprise two 
points — for porosities a’ O.R3 and 
a’ = 0.86. The points are in excellent 
agreement with the present data 

The conclusion of the present investiga- 
tion, namely that screen separation has a 
negligible effect on heat transfer behavior 
is confirmed when one recalls that Romie’s 
matrices had the screens separated. The 
spread of Romie’s data is indicated, as be- 
fore, by the vertical lines through the 
points, terminated by short horizontal lines 

Saunders and Smoleniec (8), using very 
nearly the same experimental method as 
in the present work and covering about the 
same Reynolds number range, tested three 
wire screen matrices, all closely packed. 
The data were converted to the method of 
presentation used here in the same way 
that Romie’s data were converted. In this 
case, however, information given in (&) 
indicated that the assumption of 8 = 2D, 
was quite correct for the screens tested. 

Results of Saunders and Smoleniec are 
shown by points in Figure 12, there being 
two matrices having a’ = 0.86 and one 
having a’ = 0.83. One of the a’ = 0.86 
matrices falls definitely into the pattern 
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indicated by the present (and Romie’s) 
work; the other two matrices are about 
20% below this pattern. The test results 
for at least one of these low points 
are open to question—the two a’ = 0.86 
matrices are geometrically identical and. 
therefore, the results would be expected 
to lie quite close together. It is possible 
that the difference is due to experimental 
errors, but the spread would indicate an 
uncertainty of about +30%. It is concluded 
that no satisfactory explanation of this 
difference can be given on the basis oi 
the information available in (8) and this 
same statement applies also to the a’ = 
0.83 matrix 

Johnson (9) tested three types of screen 
matrices by the same method and in the 
same Reynolds number range as employed 
by the other investigators. These data are 
not included here because it is believed that 
the heat losses to the boundaries were ex 
cessive and that the upstream temperature 
was not regulated closely enough. Fur 
thermore, a large discrepancy between the 
results for two geometrically similar mat 
rices has not been accounted for. The data 
lie 35 to 50% below the present results, 
though it should be noted that these data 
at least follow roughly the same increasing 
trend of @(a’) as indicated by the correla 
tion curve in Figure 12. 


2. HEAT TRANSFER DATA-SPHERES AND 
GRANULAR MATERIALS 

Several investigators have obtained data 
ou the heat transfer behavior of matrices 
composed of spheres and granular mate 
rials, but few have attempted to cover any 
appreciable range of Reynolds numbers for 
a given matrix. For beds of spheres Den 
ton (10) used a steady-state technique to 
obtain data for Reynolds numbers from 500 
to 50,000. The results were found to be 
well represented by 

GD 

— = (9) 
Gc 

The fluid used was air having a Prandtl 
number of 0.73, and since the porosity was 
a 0.37, Equation [9| becomes 
Nai Np, = 9.20(N,)°™ (10) 
for 500 << N, < 53,000. This result is to 
be compared to the present results for a 


bed of spheres having a 0.39, tor which 
N 0.21(N,)** (11) 
for 25< N, < 550, see Figure 10. The 


agreement is excellent, and with allowance 
for the light difference Ww pore sity, the 
present results form a continuation of Den- 
ton’s results to lower Reynolds numbers, 
thus evidently supporting the linear log-log 
relationship for spheres over a 2,000 fold 
N, range. Possibly this result may be in 
terpreted as supporting a similar extra 
polation for screen matrices to higher 
Reynolds numbers. Such an extrapolation 
would probably be conservative. The mag- 
nitudes of @(a) and m from Equation (10) 
have been included in Figure 12 

Some additional support for these results 
for spheres is given by the work of Saun 
ders and Ford (11) They obtained data 
for sphere beds of a 0.38 at only two 
Reynolds numbers, but these two points 
straddle the present data and fall within 
10% of the straight line representing the 
data 

Other tests on sphere matrices have been 
reported and are available in a good review 
by Denton (10). For various reasons re- 
sults of those investigations are not con 
sidered representative of infinite matrices 
or are deemed to be of insufficient accuracy, 
so that they were omitted from the present 
comparison. 
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In summarizing on spheres, the excel 
lent agreement between the results of 
Denton, Saunders 
indicates that the heat transfer behavior 


of sphere matrices is fairly well estab 


and the present work 


lished over the range of Reynolds num 
bers from 25 to 50,000. It is therefore 
recommended that Equation (6) (with 
the primes removed) and Figure 12 be 
used for predicting sphere matrix heat 
transter peritormance 


The information regarding heat transite: 
in matrices composed of granular material 
other than spheres is much less complete 
Furnas (12) used the transient technique 
in a large number of experiments on beds 
of materials such as broken pieces of lime 
stone, iron ore, and coke. However, though 
the number of different matrices and p 
rosities tested was large, the Reynold 
number range in each case was very small 
In addition, the wall effects in these ex 
periments were rather large; that 1s, the 
ratio of matrix container diameter to the 
average particle diameter was not lar; 
cnough to assure an approach to infinite 
matrix behavior, and the heat losses to the 
walls were sufficient to cause considerabl 
error in the heat transite: coeMcrents 
Nevertheless, as these data represent thy 
majority of the work done on granular 
materials, it is desirable to consider these 
results in the present study 

By making some reasonable assumptions, 
it was possible to convert Furnas’ data | 
the present representation. The result w 
a rather wide scatter of pomts, so tha 
order to include the data on igure 12 tle 
log-log slope m was taken from the curve 
in Figure 11 as a function of the variou 
and the best position, @(a), w 


porosities 


then determined. Results are shown in 
ligure 12 for a 0.48, 0.51, 0.55, and 0.60 
in which the porosities are average valu 


each representing a range of porositre 
within about +5% of the average. Lach 
point represents data for a number of dif 
ferent types of matrices of about the sanx 
porusity. 

The results are quite encouraginy 
Three of the points on Figure 12 le 
within 20% of the correlation line, and 
the other is within 25%. It can be seen 
that the bulk of the uc a lies within the 
+20% lines, and furthermore the trend 
as a function of porosity agrees with 
the sugge ted correlation 

One other group of experiments deal 
ing with granular material has been 
reported, Lof and Hlawley (7) used the 
transient tes hnique to examine tour 
izes of gravel within the same Reynolds 
number range as in the present work 
In order to convert their data for com 
parison with the other results, it wa 
issumed that the surface area of the 
gravel particle was 15% greater than 
the surface area of the sphere having 
the same volume Information (7) 
eemed to indicate that the gravels were 
reasonably rounded, but the 159% figure 
may be somewhat low 

Results of the conversion are shown 
on Figure 12 for a = 0.426, 0.434, 0.436, 
0.454. Two of the ¢(a) points are only 
30% below the correlation line, but the 
other two are 60% below. Note that all 
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heat transfer 


pomts are on the low side. At least part 
of this difference may be explained by 
heat losses to the container walls, and 
to other thermal capacitances in the test 
section. Examination of information in 
(7) indicates that as much as 20% heat 
loss may have existed in some cases 
Also, the fact that the number of data 
points taken for each matrix was rather 
mall (from three to eight), coupled 
with the inevitable experimental uncer 
tainties, could account for some of the 
remaining discrepanci though, of 
course, no definite conclusions can be 
drawt 
In view of the foregoing it 1 een 
that there is a fair possibility that por 
ty alone may be capable of correlat 
porous media heat transfer data It 
clear that a complete specification of 
ometry requires additional parameter 
ind it is quite possible that some of the 


discrepancte with 


granular materials 
may be accounted for in this fashion 
llowever, it is evident that porosity | 
one of the dominant parameters in thi 
cheme, and it remains for accurate ex 
periments with granular materials to 


establish the agreement or disagreement 


with thi imple correlation Present re 
ults are at least not discoura 

some experimental heat transier 
data for intered metal have een 
reported (73), virtually the or ata 
for sintered metal These could not 


he included here. as t wa not pos 
ible to estimate a magnitude for the 


irea density, B 


3. FLOW FRICTION DATA-—WIRE SCREEN 
MATRICES 

Flow friction data for porous media 
are relatively plentiful due mainly to the 
imple experimental technique require 
ment There is much intormation on 
beds of granular materials and sphere 
heds, etc., however, data for wire screen 


matrices are still somewhat limited, Only 


Romie (5 Saunder and Smoleniec 
(a Johns (9), and Locke [some 
unpublished data obtained after the pub 
lication of (3) have obtained screen 
data 

under and Smolenies did not 


ictually publish thei work but the 
authors stated in (&) that their result 


igreed well th the work of Rose (15 


Romie’s work could not be converted 
for comparison with the present result 
hecause the screen thickne &’, was not 
known accurate! Though the approx 
mation of 8° Dy adequate for con 


verting the heat transfer data, the 
definition of that an uncer 
tainty of +15% could be introduced by 
this ipproximation and thi could 


lead to false conclusion llowever, 
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SCREENS 


6 
4 
5 


f 
fiD,/0,) vs. Ny for data of (15) and 


comparison with extremes of wire-screen behavior. 


Fig. 14 


Bed material 


solid cylinders 
solid cylinders 
solid cylinders 
hollow cylinders 
hollow cylinders 
Lessing rings 
rivets 

nails 

nails 

egg insulators 
standoff insulators 


Curve number 


the trends of Romie’s data agreed 
well with the present results. His data 
on separation of screens indicate the 
same magnitude of reduction of pressure 
drop for the same amount of separation. 
Romie went somewhat further into the 
matter of screen separation, and his re- 
ults indicate that an optimum spacing 
may exist, between p, = 3 and py = 6. 
llowever, his tests used small numbers 
of screens in some cases so that this 


EXTREMES 


f 
F(D,/D,) 
comparison with extremes of wire-screen behavior 


Fig. 15. vs. Ny from data of (20), and 


bed material 
solid cylinders 
tablets 


broken coke 


curve number 


point requires additional tests for con- 
firmation, 

Johnson (9) obtained data which 
had an unusually large scatter for pres- 
sure drop tests, about +10-15% (greater 
for one matrix). The data fell in the 
same range as the present results, but 
in view of the scatter it was not felt 
desirable to reproduce them here. 


4. FLOW FRICTION DATA—SPHERES AND 
GRANULAR MATERIALS 

Flow friction data for matrices com- 
posed of spheres and granular materials 
are quite abundant. Rose (14) gives an 
excellent summary of work done in this 
field, Other important work has been 
done by Taliaferro (16), Fair and Hatch 
(17), Hatch (18), and Franzini (19). 
The major difficulty is that the geo- 
metries are not described sufficiently to 
permit conversion to the present basis 
in most cases, 

More recently Rose and Rizk (15) 
have presented a study in which a large 
number of matrices of known geometry 
were tested with allowance made for the 
conversion of their results to the present 
basis. These are shown in Figure 14, in 
which are plotted curves of f/F (D,/D,) 
vs. Ny for each matrix. The factor 
’(D,/D,) accounts for wall effects, 
which were significant in some of their 
matrices, and was taken directly from 
(15). It is to be noted that the same 
factor is essentially unity for the wire 
screen matrix and sphere bed tests re- 
ported here. Results in this form are 
directly comparable to the present re- 
sults for screen matrices, and the two 
extreme curves for screens are shown 
as dotted lines in Figure 14 for com 
parison. The numbers on the Rose and 
Rizk results refer to the matrices so 
designated in (15). 

The variety of matrices shown in 
Figure 14 is great, ranging from nails 
to holl »w cylinders to Lessing rings. In 
view of this factor the maximum spread 
of +100% is not unexpected. This 
spread is far too wide to be properly 
termed a useful correlation, but it is 
highly probable that the flow friction 
data for the vast majority of porous 
media will be found somewhere within 
this band. It is interesting to note that 
Rose and Rizk, using slightly different 
definitions for mass velocity and char- 
acteristic diameter, proposed a correla- 
tion of their data in which the maximum 
spread was also about the same, even 
after they applied an empirical geo 
metrical correction factor. 

It is to be noted in Figure 14 that 
nearly all the data lying on the high 
side of the spread is for matrices com- 
posed of which have holes 
through them, such as hollow cylinders, 
Lessing rings, egg insulators, and stand- 
off insulators. If these matrices are ex- 


bodies 
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cluded, the band spread for the remain- 
ing matrices is about +35% over most 
of the Np» range, a somewhat greater 
maximum spread than for the screens. 
One possible explanation of the tendency 
towards higher friction factors for bod- 
ies with holes in them is that the holes 
comprise a large void space which is 
generally not as accessible to the flowing 
fluid as the void between the 
bodies. From the definition, f is propor 
tional to (a)*. Thus, an incorrectly high 
effective porosity would result in an in- 
correctly higher f. Just what the correct 
porosity should be is difficult to say. The 
best course at the moment seems to be 
to treat solid bodies with holes as sepa- 
rate classification, each class with its 
own correlation. 

The only other available data for 
granular materials which will admit of 
conversion to the present basis are 
Morcom’s results (20). Enough infor- 
mation was given so that the surface 
areas, B, could be fairly well estimated, 
and the results are shown in Figure 15. 
The matrices were composed of cylin- 
ders, approximate spheres, tablets, and 
broken coke. Also shown are the pres- 
ent screen results. The maximum spread 
of Morcom’s data is about +40%, only 
a little larger than Rose and Rizk’s solid 
body results. The difference is due prin- 
cipally to the broken coke data (Nos. 9 
and 10 in Figure 15), the configuration 
for which the surface area parameter, B, 
is least certain. Finally, it should be 
mentioned that there exist some test re- 
sults for sintered metals, though for 
reasons previously discussed they are 
not reproduced here. The reader is re- 
ferred to a discussion by Grootenhuis 
(13) and to a paper by Green and 
Duwez (21) for data in this field. 


spaces 


Conclusions 

1. Convective heat transfer and flow 
friction data have been obtained for 
matrices composed of woven wire screens 
and spheres in the Reynolds number 
range from 5 to 1,000. Data for closely 
packed screens cover a range of porosi- 
ties from 0.60-0.83; data were also ob- 
tained for one separated screen matrix. 
The data for spheres were obtained for 
one randomly packed condition, a= 0.39. 

2. Previous heat transfer data are 
limited, but agreement with present re- 
sults was generally found within the ex- 
pected experimental uncertainty limits. 
Previous flow friction data are plenti- 
ful, but inadequate geometric descrip 
tions reduced greatly the amount of in- 
formation which could be compared di- 
rectly with the present results. Excellent 
agreement between present and previous 
results was found for screens and 
spheres. Results for granular media fall 
in the same region occupied by screen 
matrices. 
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3. An empirical correlation is pre- 
sented for the heat transfer behavior of 
porous media based on the screen and 
sphere matrices behavior. This correla- 
tion indicates that the heat transfer be- 
havior is strongly influenced by poros- 
ity. Additional data on granular media 
are needed to establish the correlation 
more firmly for application to commer- 
cial packings. 

4. No satisfactory correlation for flow 
friction behavior of porous media was 
found. Data for packed screens and a 
wide variety of granular media fell into 
a definite range, but the spread is too 
large to be termed a correlation. The 
spreads could be materially reduced by 
dividing the granular media into ma 
trices composed of solid bodies and 
matrices of bodies with holes through 
them 
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Notation 
heat transfer area, sq.ft 
A matrix free flow area, A, == aA,, sq.ft 
A, free flow area of a single screen or 
of a perfectly packed screen ma 
trix, A,’ = a’ Ay, sqft 
A, = matrix frontal area, sq.ft. 
c fluid specific heat of constant pres 


F.) 


sure, Btw 
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PART Il 


The Use of Frequency Response Analysis 
in Chemical Engineering Process Control 


Ernest F. Johnson 


ow frequency response characteriza 
7 tion provides a simple means of de 
termining requirements for controlling 
processes automatically has been shown 
(2). This article, a simple quantitative 
treatment of process control, identifies 
the bases for frequency response analy- 
sis, indicates how may 
be represented and how effective con 
trol systems can be devised from such 
representation, 


real processes 


Signal Flow Diagram 


In a control loop each element is im 
portant to the over-all 
the 


ent in 


pertormance ol 
ystem, This is more clearly appar 
a block diagram than in a con 
ventional flow diagram since 
a block which 
is not related to the size of equipment 

rhe block diagram is a signal flow 
diagram in that it the 


around the control loop. 


process 


each element appears a 


show flow of 


signal In its 
most primitive and complete form it 
identifies not only all flows and com 
binations of signals but also the mathe 
matical functions relating each output 
and input, By the revealing of missing 
information and weak process designs it 
provides a powerful Starting point tor 


only a 


control studies 
Fortunately 
types needed to 


process control systems 


block 


most 


few basic, 


are represent 
The processes 
can be represented by appropriate com 
binations of amplifiers, time lags, and 
time delays, and the controllers can be 
differen- 
Summing ele 


represented by amplifiers, 
tiators, and integrators 
ments, multipliers, and dividers also may 
be necessary. 

For example, the simple heat trans 
fer system of Figure 1 can be repre- 
sented by the block diagram of Figure 
2. The controller is a summer and 
amplifier; the control valve is an ampli- 
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fier and time lag; the jacketed kettle is 
a time lag; there is a time delay between 
the kettle and the temperature sensing 
element; and the thermometer element 
itself is another time lag. These various 
components will now be considered in 
detail. 


SUMMER 


One of the simplest elements in a 
control loop is the summer or adder, 
which adds or subtracts two input sig- 


nals. 


A typical and important summing ele- 
ment is the system of levers or other 
device which computes the deviation by 
subtracting the feedback measure of the 
process variable from the command signal 
to the controller. In Figure 2 the summer 
is shown in the controller as a circle 
with the letter sigma (2) in it 


AMPLIFIER 


Another simple element is the ampli- 
fier, which multiplies the input signal 
by a constant. 


It may either magnify or diminish the 
signal, and frequently it merely changes the 
dimensions of the signal. For example, 
in the case of the control valve in Figure 
2 the output ai from the con 
troller must be converted ultimately to a 
potential temperature in the kettle. Am 
plifiers are shown as blocks with the con- 
stant inside. Their outputs are given by 
the product of the constants and the inputs 
Thus the controller output for proportional 
control is 


pressure 


6,— 06, = K,(6, —@,) (1) 


TIME LAG 


A time-lag element has the character- 
istics of resisting the flow of a quantity 
and of storing that quantity. 
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The thermometer in the outlet stream 
from the kettle is a good example of a 
first-order time lag. It store thermal 
energy and the fluid film surrounding its 
sensing bulb resists heat flow. Quantita- 
tively, its response to fluid temperatures 
is given by equating the heat balance and 
equations 


can 


rate 


(2) 


This equation can be written in opera- 


tional form as 


5) 


(3) 
1+ 

Systems which obey Equation (3) are 
called first-order transier 
first-order RC (resistance- 
capacitance) stages, the latter re- 
sulting from the fact that the time con 
stant of the the product of a 
resistance term, 1/U,A,, and a capaci- 
Since the right- 
determines 


sometimes 
Stages or 
name 


Stage is 


tance term, 
hand part of the equation 
what happens to signals being trans- 
ferred through the stage, it is fre- 
quently called the transfer function of 
the stage. 


The Laplace transformation, which 
in fact is what converted Equation (2) 
into Equation (3), is a convenient tool 
for solving linear differential equations. 
However, for the this 
position it is only necessary to regard 
being an 


purposes ex- 
the Laplacian operator s as 
algebraic quantity which can be sub 
stituted for d/dt. In frequency response 
analysis the characteristics being sought 
are those which relate output and input 
when the input is a steady-state sine 
wave. This input often 
called sinusoidal forcing 

When a time lag or any other element 


is forced sinusoidally 


condition is 


(4) 


= je 
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Fig. 1. Controlled heat transfer system. 


Thus the frequency response character- 
istics of a control system component can 
be obtained by substituting jw for s in 
the operational expression relating input 
and output. The only restriction on this 
substitution is that the system be linear, 
i.e., that the descriptive differential 
equation be linear. To demonstrate the 
validity of the substitution of jw for s 
let 


6, A sin wi Ae wt (5) 


where 4 = amplitude of input wave 
and the last term is the exponential 
equivalent of the second term. Then in- 
sert the exponential form of @, in Equa- 
tion (3), and also insert 


0, = (6) 


on the assumption that the output will 
also be a sine wave. Carry out the indi- 
cated operation noting that the deriva- 
tive with respect to time of e/#* is 
merely jwe’@* from which it follows that 


A 
B: 7 
+ jw], (7) 
and 
6,( 7" | 
(8) 
1+ jal, 


The frequency response characteris 
tics are obtained by separating Equa- 
tion (8) into its real and imaginary 
parts and plotting in a complex plane, 
that is, in a plane with an imaginary 
vertical axis and a real horizontal axis 
Multiply numerator and denominator by 
jwT, to get 


6,( ] wT, 


The first term on the right-hand side 
is the real coordinate and the second 
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term is the imaginary coordinate. This 
equation is plotted in Figure 3 for all 
frequencies from 0 to «. The length 
of the vector drawn from the origin to 
a point on the curve is the magnitude 
ratio (amplitude ratio) and the angle 
the vector makes with the real axis is 
the phase angle for the frequency at that 
point. 

Thus the magnitude ratio is the 
square root of the sum of the squares 
of the coordinates, 


| | 1 + w*7,? 
V 
(10) 
(1 + w*T,?)* 
and the phase angle is 
(11) 


Note that the locus of all frequencies 
is a semicircle with a magnitude ratio 
of 1.0 at zero frequency, zero magnitude 
ratio at infinite frequency, and respec 
tive phase angles of zero and —90 deg 

The Bode diagram is a more conven 
ent representation of trequency re 


sponse characteristics because fre 


quency is clearly identified and the 
effects of adding components can he 
handled more rapidly. Figure 4+ is a 
Bode diagram for a typical first-order 
time lag and also for a second-order 
time lag produced by adding another 
first-order time lag 


Similarly the phase angle of a first 


+t Note thot the characteristics may be ap- 
proximated by the straight dashed lines on the 
diagram. for the magnitude ratio of a first- 
order lag the curve is horizontal at 1.0 at low 
frequencies up to w = 1/T, at which point it 
falls off with a slope of —1. With a second. 
order lag the plot falls off with a slope of 
—2 atw 1/T, where T, is the smaller time 
constant of the two lags 
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Fig. 2. Block diagram of control system 
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Fig. 3. Vector locus, output per input, 
first-order lag 


Fig. 4. Frequency response characteristics 
of time logs. 


— 
a 
. | 
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= 
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Fig. 5. Frequency response of differentiator 
and integrator. 


order lag may be approximated by a 
straight line commencing at zero at a 
frequency one order of magnitude less 
than w = 1/T and ending at —90 deg. 
at a frequency one order of magnitude 
greater than 1/7. At lower and higher 
frequencies the approximation is 0 and 

OO deg. respectively. For the second- 
order lag merely add the angles for the 
two first-order lags. Thus the maximum 
phase angle for m first-order lags (or 
one nth order lag) is —90n deg. 


Time Delay 


The time delay holds back signals 
with time but unlike the time lag does 
not attenuate them. 

It is called also transportation lag or 
distance-velocity lag or dead time. In 
Figure 1 there is clearly a time delay 
between the fluid in the kettle and the 
thermometer, If there is no appreciable 
heat exchange between the discharge 
pipe and its surroundings, the fluid in 
the pipe will undergo no temperature 
change on leaving the kettle, but a finite 
time, given by the ratio of distance to 
velocity, will elapse before the ther- 
mometer can sense the kettle tempera 
ture. 

As indicated in Figure 2, the transfer 
function for a pure time delay, i.¢., one 
involving no attenuation of signal, is 
given by 


(12) 


where 


= I the distance-velocity lag, sec. 
v 


distance between kettle and ther- 
mometer, ft. 
fluid velocity, ft./sec. 


Equation (12) may be derived from the 
fact that the output of the delay at ¢ is 
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equal to the input at t— 7, The series 
expansion of the ratio of output to input is 
identically the series expansion of ¢~ **. 

To get the frequency response char- 
acteristics, put s = jw and rewrite the 
exponential in its trigonometric form 
= cos sin w7, From trig- 
onometric identities the magnitude ratio is 


(13) 


and 


(14) 


Thus the time delay does not affect 
the magnitude ratio, but it introduces 
a lag angle (negative phase angle) 
which increases without limit as fre- 
quency increases. This latter charac- 
eristic is objectionable since it can pro- 
duce phase lags of 180 deg. at relatively 
low frequencies, thereby promoting sys- 
tem instability. 


integrator 


The system of Figure 2 has a propor- 
tional controller. In Part I of this ar- 
ticle it was pointed out that propor- 
tional control will tolerate a_ steady 
state error. The magnitude of this error 
can be computed for the system of Fig- 
ure 2 as follows: 

6,(5) 
6,(s) 


Let G(s) (15) 


where G(s), called G of s, is the transfer 
function for the controlled process exclu- 
sive of the controller, 


K 
(1 + Tys) 1 + 1 + Ty) 
(16) 


G(s) 


In terms of frequency response the trans- 
fer function is written G(jw). 

[he steady-state error expressed as 
fraction of the set point is 


at w = 0 is K,K,, 


Since | G(jw) | 


| KK, (18) 
| “ 


o |“ 


and since for a proportional controller 
(19) 


l 
™ 

Thus the steady-state error decreases 
with increased proportional gain K,. If 
this gain must be kept low to maintain 
system stability, the steady-state error 
will be large, and an additional control 
action will be needed to eliminate the 
error. 

A general expression for the ratio of 
error to command is as follows: 
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(0, — @,) (s) (21) 
6,(s) 1 + G(s)G,(s) 


where 


G,(s) = controller transfer function 

G(s) = process transfer function includ- 
ing all components, except the 
controller. 


Since G(s) is fixed by the nature of 
the process, the only means of elimunat- 
ing the steady-state error is to use a 
control function G,(s) or in particular 
G,(j@) which will approach infinity as 
the frequency goes to zero. Integral 
control provides this function. 

By definition integral control gen 
erates an action which is proportional 
to the time integral of the deviation 
The rate of control action, then, is pro- 
portional to the deviation: 


= K,(0, — 
at 


where 
K, is a constant. 


In practice integral control is usually 
added to proportional control so that the 
transfer function of the controller is 


@,(s) 


(0, — (8) 


where 7, integral time, sec. 


Integral control action is also called 
automatic reset, and instrument manu 
facturers frequently scale their integral 
controls in terms of the reset rate in 
repeats per minute, which is the re 
ciprocal of the integral time in minute 

From Equation (23) it is clear that 
the magnitude of G,(jw) becomes im 
finite as a +0. The frequency response 
characteristics for an integrator are 
shown in Figure 5. Since integral con 
trol increases the phase lag of the loop, 
it decreases the stability of the control 
system. 


Differentictor 


As shown also in Figure 5, the fre- 
quency response characteristics of a dif- 
ferentiator are the reverse of those ot 
an integrator. 


Derivative control stabilizes the control 
loop because of the positive phase angk 
thereby permitting the use of higher pro 
portional gains and corresponding faster 
control response. The transfer function for 
proportional plus derivative control is 


6,(s) 


(@, — (8) 


where 7, is the derivative time or rate 
time, usually specified in minutes 


Since derivative action produces a 
controller output proportional to the 
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time rate of change of the deviation, it 
is incapable of keeping the deviation 
small and hence must necessarily be 
used in conjunction with proportional 
control. More frequently it is used with 
both proportional and integral control, 
and the combination is called three- 
mode-control 


Representation of Real Processes 


These components 
have been assumed to have lumped 
parameters, that is, their resistances and 
capacitances act at points in the circuit. 
Actually, chemical engineering 
processes have distributed parameters; 
specifically, thermal processes have dis- 
tributed conductances and capacitances. 


control system 


many 


Distributed systems involving resis- 
tance and capacitance repre- 
sented in the limit by an infinite num- 
ber of coupled R¢ Since an 
important characteristic of 
tems is a phase lag 
without limit with inc 
it is possible to represent them by a 


may be 


Stages. 
these sys- 
which increase 


reasing trequeticy 


combination of two or three RC stages 
coupled to a time delay. The proper 
time constants must be selected em- 
pirically except for simple cases. 


Example 


The system of Figure 1 may be used 
to illustrate how frequency response 
characterization provides a simple yet 
working out a 


direct 


quantitative means of 
controlled system design. 
problem of determining the type of con- 


troller necessary for satisfactory opera- 


The 


tion of the system can be considered 
with the following assumptions 


1. Heating and cooling fluids are re 
cycled so rapidly through the kettle jacket 
that their change in very 
small and the jacket-side film coefficient of 
heat transfer is very large. 


temperature is 


2. The ratio of the total heat capacity 
of the average kettle contents to the heat 
flux through the kettle wall per unit tem 
perature difference between jacket fluid 
and kettle fluid, WCp/UA, is equal to 
20 sec., where W = kettle fluid mass, 
Cp = heat capacity of kettle fluid, U 
over-all heat transfer coefficient, and A 
effective heat transfer surface area 
responding to U. This ratio is the time 
constant of the kettle 


core- 


3. Temperatures are uniform throughout 
the fluid in the kettle 

4. The feed into the kettle is at a small 
but constant rate such that fluid leaving 
the kettle takes 3 sec. to reach the ther- 
mometer in the line. There is no detectable 
change in temperature in flowing through 
this line. 

5. Experimental 
valve and heating jacket identical with 
those of this system show that a step 
change in the air pressure on the control 
valve causes the jacket temperature to 


studies on a mixing 
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rise immediately and come within 63% 
of its new steady value in 6 sec. The 
range of temperatures <vailable for the 
full range of controller output (12 Ib./ 
sq.in. air pressure) is i.2 times the full 
range of the measured temperature 

6. The thermometer is a_ high-speed 
thermocouple with a time constant of 2 se« 
can 


these one 


the constants 


From 
identify 
operational functions as follows: 


assumptions 
shown in the 


T, = 6 sec. since the valve-jacket system 
behaves like a first-order transter 
stage, and the time constant of 
such stages is equal to the time 
for 63.2% response to a step tun 
tion, 

1.2 on the assumption that the full 
range of output corre 
sponds exactly to the full range 
of controlled variable for K 


controller 


Inserting these numbers into the appro 
equations for magnitude ratio and 
(Equations (10), (11), and 
permits computation of the fre 


priate 
phase angle 
(14)) 
quency response characteristics of the four 
process components. The magnitude ratios 
are multiplied together and the phase angles 
are added to get th frequency 
response characteristics of the open-loop 
exclusive of the controller. Tables 1 and 
2 and Figure 6 present the results of the 
calculation. 


over-all 


At the critical phase angle of 180 
deg., the ultimate frequency is 0.197 
and the corresponding 
Thus 


radians /sec. 
process magnitude ratio is 0.175. 


* 


process control 


the ultimate proportional gain tor this 
is 0.175~! or 5.7. For stable 
set the 
proportion il wain at about half this ulti- 


process 
control it would be necessary to 


mate gain or about 3, which gain would 
load 
Since a reasonable offset might 


tolerate load errors of 25% of any 
change 
be 5%, proportional control alone 15 
Inte gt al con 


the oftset 


unsuitable for this system 


trol must be added to reduc c 
A satistactory 
to set it equal to the 


this case 


adjustment of the inte 
ulti 
197 ) 


reset 


gral time 1 
mate period, in 
or 0.53 The corresponding 


0.53 or 19 


rate would be 1 repeats 


mn 
Thus the solution to the direct 
that a proportional plus in 


proble 615 


tegral controller must be used for 
Since the predicted settings of 
p 3 ind T, 


min, are well within the typical range 


system. 
the control actions, A 


of commercially available control instru 
ments, no special instrument design i: 
necessary. 

The inverse problem can be solved in 


manner the control 


a similar Suppose 
with a mar 
The 


nexpensive, 


ystem has been installed 


row-band proportional controller 
instruments are relativel; 
but since their practical range of pro 
portional gain is from 10 to 50 they 
would invariably make the present sy 
tem unstable. 


rhe problem is to determine a simple 


Table 2.—Open-toop Phase Lag (negative phase angle) (deg.) 


1.0. 
K, = 1.0 
- = 40 sex 
A = 3 sec 
| 
a b c 
12 
rad./sec (36w*" 1)” 400w" + 1) + 1)% abc 
01 1.20 98 1.00 1.17 
02 1.20 93 1.00 111 
04 1.17 78 1.00 91 
a 1.03 45 78 45 
2 77 24 93 17 
4 46 12 78 04 
w o b 360 (3w) d a+b 
rod./sec. ton” 6w ton 2" ton” te+d 
01 3 W 2 ! 17 
02 7 22 3 2 34 
04 13 39 7 a 63 
J 31 64 17 W 123 
2 sO 76 34 22 182 
4 68 83 69 259 
4 
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means of eliminating the osci!! > 
One possibility, of course, ist 
the narrow-band controller w. . a pro- 
portional plus integral controller. If the 
controller must not be replaced, then the 
rest of the loop components must be 
altered so that the magnitude ratio at 
the ultimate frequency is greatly re- 
duced, This reduction can be effected 
either by changing the control valve 
linkage so that its gain is decreased 
from 1,2 to about 0.5 or by eliminating 
the dead time of . sec. by inserting the 
thermometer directly in the kettle. Re- 
moving the dead time increases the 
ultimate frequency by decreasing the 


applied quantitatively to a simple proc- 
ess control problem. 

It must be remembered that the fre- 
quency response techniques require that 
the components’ behavior be linear. For- 
tunately automatic process control is 
concerned primarily with small changes, 
and for small changes all processes may 
be presumed to behave linearly. 

Implicit in our treatment of the ex- 
ample is the assumption that resistances 
and capacitances may be lumped. This 
assumption is not valid for systems like 
shell-and-tube exchangers and packed 
contacting towers. Although such sys- 
tems frequently can be approximated by 
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FREQUENCY, RADIANS / SECOND 
Fig. 6. Open loop frequency response, heat transfer control system. 


over-all phase lag, and the correspond- 
ing magnitude ratio of the process de- 
creases greatly. The dashed curve in 
Figure 6 is the phase angle exclusive 
of the dead time, It can be seen that 
the frequency at —180 deg. has in- 
creased to 0.34 rad./sec., and the new 
ultimate magnitude ratio is 0.064, hence 
K,, = 1/0.064 = 15.6. Thus at the 
minimum gain of K, *- 10 the system 
would be stable, although the gain mar- 
gin K,,/K, of 16 is less than the 
recommended 2.5 (3). 

The foregoing example has shown 
how frequency response analysis can be 
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simple combinations of lumped transfer 
stages and time delays, there are as yet 
no general rules for predicting what are 
reasonable approximations. Chemical 
engineers can make an important con- 
tribution to control theory by developing 
such rules, 

At the present time frequency re- 
sponse characterization provides the 
simplest means of handling process con- 
trol problems quantitatively. For many 
processes it is not possible to compute 
the frequency response properties theo- 
retically, but often they can be measured 
on similar process units. Once these 
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data are in hand for the components of 
the system they can be combined readily 
as shown in our example, and from the 
over-all characteristics the controllabil- 
ity can be assessed and the whole con- 
trol system synthesized. 

The constantly increasing trends to- 
ward the use of automatic control on 
increasingly broad process systems re- 
quire the process-oriented skills of the 
chemical engineer. A convenient guide 
in this area is frequency response char- 
acterization. Parts 1 and 2 of this 
article have attempted to describe this 
characterization in sufficient detail and 
perspective to encourage its use. 


constant 
A, = heat transfer surface of thermometer 
bulb 
B = + joT,) 
= heot capacity per unit mass of ther- 
mometer bulb 

d = differential operator 

@ = base of natural logarithms 
Gijw) = transfer function, ratio of output to 
steady-state sinusoidal input 


Gis) = transfer function, ratio of Laplace 
transforms of output to input 
K = constant 


K, = proportional control gain, reciprocal 
of fractional proportional band 


| = distance 
s = Laplecion operator (Laplacian com- 
plex variable) 
= time 
T = time constant 
U, = heat transfer coefficient at ther- 
mometer bulb surface 
v = velocity 
W, = mass of thermometer bulb 
v = phase angle 
6 = process variable (temperature) 
6, = fluid temperature 
4, bulb temperature 
w = angular freq y, radians/sec. 
SUBSCRIPTS 
@ means zero deviation 
b “ thermometer bulb 
c “ — set point (command) 
° “ eutput 
More refined techniques for handling fre- 


quency response data and more rigorous means 
for analyzing some process dynamics can be 
found in the various works listed in Literature 
Cited of Part 1 (2) of this article. Unfortunately 
there is still no single reference dealing in de- 
tail with chemical engineering process control. 


Litereture Cited 
1. Campbell, D. P., Ind. Eng. Chem., 47, 409 
(1955). 


2. Johnson, E. F., Chem. Eng. Progr., 51, No. 
8, 353 (1955). 

3. Oldenburger, ®., Trans. Am. Soc. Mech. 
Engrs., 76, 1155 (1954). 
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The onclog computer installation at the Du Pont 
Engineering Research Laboratory. Various com 
puting or function units, integrators, confficients 
adders, function generators, and multipliers are 
in the two equipment racks on the left. The 
third and fourth rocks contain various switching 
ond synchronizing equipment. Oscilloscopes for 
observing solutions are located on both sides of 
the computer ond necemary power supplies on 
the lower right. A Polaroid-Land comera is at 
tached to one oscilloscope as a means of perme 


nently recording solutions for further study 


ELECTRONIC ANALOGS IN REACTOR DESIGN 


Engineering Research Laboratory Engineering Department 
J. A, Beutler and J. B. Roberts E. |. du Pont de Nemours & Co., Inc., Wilmington, Delaware 


During the past decade the development of auto- 
matic computers has received considerable attention 
in the popular and technical press. The emphasis 
has quite naturally been upon the design and method- 
ology of computers, and only recently have their ap- 
plication to diverse types of technical problems re- 
ceived systematic attention. Of the computer applica- 
tions reported to date, the majority have been in 
the fields of ballistics, aerodynamics, and related 
problems. The purpose of this paper is to point out 
a number of useful applications of one type of com- 
puter to a variety of chemical kinetics and reactor 
design problems. 

Automatic computers are generally classified as 
either digital or analog. Use of digital computers in 
solving certain kinetic problems has been described 
(1, 2). Analog computers may be subdivided further 
into electrical or nonelectrical types and the elec- 
trical into direct and operational (indirect) analogs. 
The direct electrical analog computer consists of non- 
active components (i.e., resistors, capacitors and in- 
ductors) and is beginning to find many applications 
in solving linear multidimensional problems of steady- 
state heat flow, transient heat flow, and fluid flow 
(3, 5, 6). The operational analog or electronic differ- 
ential analyzer employs electronic amplifiers and 
feedback circuits to provide a wider variety of mathe- 
matical operations than is possible with the direct 
analog. The details of how such computers function 
have been described by Korn and Korn (4). The par- 
ticular operational analog to be considered in this 
paper is available commercially.* Although similar 
to other electronic differential analyzers in most re- 
spects, it differs in that it provides solutions repeti- 
tively at a frequency of 60 times/sec. This high-speed 
operation permits the display of the solutions on a 
cathode-ray oscilloscope in the form of plots of one 


* The basic put ists of comp ts manufactured by 
G. A. Philbrick Researches, Inc., Boston, Moss., together with some 
additional comp ts and dificati made at the Du Pont 


Engineering Research Laboratory 
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variable against another. One feature of this mode 
of operation is that the effect of introducing a change 
in the value of some parameter is directly and im- 
mediately observable as a change in the shape of 
the oscilloscope plot. This is advantageous in solving 
certain trial-and-error problems, which will be de- 
scribed here. 


Computer Applications in Kinetic Studies 


Such operational analog computers as are described 
here are principally useful in solving ordinary differ- 
ential equations, including linear and nonlinear or 
simultaneous systems of such equations (and hence 
higher order equations). It should be noted, however, 
that operational analog computers are not suitable 
for direct solution of partial differential equations 
since the one independent computer variable (time) 
cannot be used to represent the two or more inde- 
pendent variables involved in partial differential 
equations 

Many problems in reactor performance are charac- 
terized by sets of ordinary differential equations. Ana- 
lytical solutions to kinetic rate equations are available 
for comparatively simple mechanisms in isothermal 
operation; but in the more general case dealing with 
simultaneous, consecutive, and reverse reactions, and 
particularly where the differential equations contain 
nonlinear terms, analytical solutions are unknown. It 
is in this area that computers con help. Expectation 
that the analog computer would contribute to the 
solution of reaction and reactor design problems was 
in fact one of the principal reasons for its acquisition 
by the Laboratory. During the past four years, the 
computer has been used to assist in the solution of 
a considerable variety of reactor problems. Since 
there hos been little or no discussion of such uses in 
the literature, it has seemed likely that a review of 
the techniques involved and the experience acquired 
may be of value to chemical engineers engaged in 
reaction kinetics and in reactor design work 


Page 69—F 


| mm iT... 
| 


he utility of analog computers in re- 

action problems arises from the ease 
with which many varieties of perform- 
ance information can be developed that 
would be difficult or impossible to 
obtain in other ways. To aid in vis- 
ualizing how such information can be 
obtained from an analog study, it is 
helpiul to examine some physical factors 
involved in different classes of reaction 
problems, how inclusion of these can 
the matheimatical formulation, 
and how this mathematical formulation 
becomes the controlling factor in com- 
puter setup and application. The follow- 
ing points may serve as an aid to clas 1- 
fication of an analog approach to reactor 
problems : 


modify 


Problems 


|. STEADY-STATE AND UNSTEADY-STATE 
OPERATION 


‘The only independent variable avail- 
able in the use of an operational analog 
computer is time. This independent 
variable on the computer may be used 
to represent one independent variable in 
the reactor, which will either be time 
or a position coordinate in the reactor. 
In the most general case, depen lent 
variables such as concentrations ma _ be 
functions of both time and one or r ore 
position coordinates, but this situation 
to partial differential equations 
which, as noted before, cannot be solved 
on an operational analog. Thus, a re- 
duction has to be accepted in the num- 
ber of independent variables; even with 
this restriction, a variety of problems of 
industrial importance can be treated. 

If time in the computer is assigned to 
represent time as the single independent 
variable in the reactor, then all manner 
of unsteady-state problems can be han- 


lead 


EXAMPLES 


Illustrations of these basic consid 
erations in undertaking reaction prob 
lems are included in the examples to be 
described below. It might also be added 
that so far the problems here studied 
the computer have been 
which are homogeneous or could be 
treated as homogeneous gas- or liquid- 
phase reactions. Hence, in this paper, 
heterogeneous reactions of the types 
which require consideration of concen- 
trations in two or more phases entering 
into the reaction will not be discussed. 
There is no basic reason, however, why 
use of the computer should be limited to 
homogeneous systems and applications 
will undoubtedly be extended to hetero- 


geneous systems as well, 


with cases 
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dled. That is, the assumption is made 
that concentration does not depend on 
position in the reactor. This corresponds 
to the constant-environment case where 
because of mixing effectiveness, concen- 
trations can be assumed equal at each 
point in the equipment or in any one 
stage of the equipment under considera- 
tion. 

Alternatively, time as the independent 
variable in the computer can be assigned 
to represent a position coordinate in the 
reactor providing that dependent var- 
iables, such as concentrations at fixed 
points, do not vary with elapsed time. 
The principal case of interest here is 
the steady-state operation of a contin- 
uous-flow reactor. Dependent variables 
such as concentration are functions of 
distance measured in the direction of 
flow and concentration gradients are 
assumed not to exist in directions trans- 
verse to the flow. In this case, there is 
also a fixed, simple relationship between 
position along the length of the reactor 
and time of contact since reactants en- 
tered the reaction system. Because of 
this unique relationship, concentrations 
can be considered as functions of either 
position or of time of contact. Differ 
ential equations expressing reaction 
kinetics are sometimes written in one 
form and sometimes in the other. 

This restriction on whether concen- 
trations are to be considered functions 
of time only or of position only places 
no theoretical limit on the number of 
dependent variable. that can be handled 
either in the continuous-flow or the un- 
steady-state case. Thus, multiple, simul- 
taneous, or consecutive reactions can be 
studied by representing the concentra- 
tion of each different chemical com- 
pound as a suitable dependent variable 
in the analog setup and by including 


| SEQUENTIAL REACTIONS—STEADY-STATE, 


In isothermal reactions where the 
temperature is constant at every point 
in the reactor, the values of k (reaction 
rate factor) and K (equilibrium factor) 
are also fixed. This means that the dif- 
ferential rate equations (giving concen- 
tration changes with time of contact), 
together with algebraic equations relat- 
ing concentration and the basic stoichi- 
ometry, are sufficient to specify com- 
pletely the system. 

Two of the more important types of 
problems that arise in isothermal stud- 
ies are the following: 


(a). Given experimental dota on the composi- 
tion of reaction products as a function of time 
of contact (or reciprocal spoce velocity), and 
either knowing or assuming the form of the rate 
equation involved (i.e., mechanism), determine 
the pertinent rate constants. 
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ISOTHERMAL 


an appropriate number of differential 
equations to tie down the kinetics and 
the stoichiometry of the reaction system. 


2. ISOTHERMAL AND NONISOTHERMAL 
OPERATION 

In any single problem the temperature 
may be considered as a constant param- 
eter, or alternatively as a dependent 
variable. These correspond respectively 
to isothermal or to nonisothermal opera- 
tion. Under isothermal conditions, the 
reaction-rate factor, k, and equilibrium 
factor, K, are constant parameters that 
depend on the temperature selected but 
are nonvarying during a particular com- 
puter run. In the nonisothermal case, k 
and K are dependent variables whose 
values change as the temperature 
changes within the reactor. The func- 
tional relationship between & or K and 
temperature must be specified (usually 
in Arrhenius exponential form), and an 
auxiliary relation between the tempera- 
ture and other dependent variables must 
be provided (usually as a heat balance). 


3. ENGINEERING AS WELL AS KINETIC 
SITUATIONS 

In addition to the set of kinetic differ- 
ential equations that specify the rates 
of chemical change, often there will be 
a second set of differential 
that specify the rate of physical transier 
These 


equations 


processes or process transients. 
equations may be needed, for example, 
to describe such factors as heat trans- 
fer, mass transfer, material accumula- 
tion, or action of control instrumenta- 
tion. The effect of changes in these 
factors on over-all performance is fre- 
quently the area of greatest interest to 
chemical engineers. Dealing with them 
generally introduces such difficulties that 
calculation is practical only through use 
of an automatic computer. 


(b). Given the rate equctions and rate con- 
stants, determine the distribution of 
products as a function of contact time or re- 
ciprocal space velocity for one or more ratios of 
feed ingredients or levels of reactor temperature 


reaction 


It is interesting to note that although 
one problem is essentially the converse oi 
the other, from a computer standpoint both 
are handled with the same physical setup 
of the analog and with essentially the same 
computational steps. 


INustration of Case (a) 


The procedure is illustrated which in- 
volves data reduction, i.e., finding the 
best values of the rate constants. Figure 
1 shows a set of rate equations describing 
a sequence of consecutive reactions such 
as might be encountered in pyrolysis or 
in a polymerization process and a repre- 
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sentative plot showing changes in con- 
centration of reaction products with re- 
action contact time. 


1. From the original differential equa- 
tions obtain a corresponding set of com- 
puter equations. This is accomplished by 
“scaling” (nothing more than the intro- 
duction of linear transformations for each 
variable in the equation). Scaling is re- 
quired so that the excursions of computer 
variables (voltages) remain within the 
operating range of the computer (+50 v.) 
no matter what the numerical range of 
the concentrations they represent may be 
and so that coefficient settings are also 
within the dial range. This step may in 
volve trial and error in nonlinear problems 

2. From the scaled equations a computer 
block diagram is drawn. The block dia 
gram for the sequential-reaction problem 
is shown in Figure 2. The block diagram 
is constructed in the following manner: 
first, the scaled differential equations are 
rearranged so that the highest derivative 
ot each dependent variable stands on the 
left-hand side as shown. For simplicity in 


explaining the diagram, however, all scale 
factors introduced in step 1 have been 
omitted. Starting with the equation for 


A and at the upper left of the block dia- 
gram, a voltage coresponding to dA/dé 
is assumed. This is integrated with respect 
to the independent variable, 6, in the J-unit 
to obtain A. The computing unit performs 


the integration with zero initial condition, 
hence the required initial value of A, 
A(0), is added into the adder unit. The 
variable iow available for display 
and further manipulation as required by 
the equations. The coefficient unit is set at 
k,; hence, from the negative output there 
is 1. This is exactly equal to dA 
dé by the rate equation and the voltage 


representing d4/dé which was originally 
assumed has been made available. The 
formation of the rest of the block diagram 


proceeds similarly with the squaring 
unit designated by S and the square 
root by 7. It has also been assumed that 
B and C are initially zero and hence do 
not require the addition of initial condi 
tions. The circuit is easily modified if 


this latter assumption is not made 

*. The block diagram serves as a wiring 
diagram from which the computer is set 
up. The necessary coefficient dials are set 
aml initial conditions are introduced 
(Values are set exactly if known, or 
arbitrarily if they are to determined 
by trial-and-error fit.) 

4. The computer setup is 


be 


checked over 


The nonisothermal reactions are 
rather more complex than the problems 
discussed so far, but they 
least industrially, the cases more fre 
quently encountered. In addition to the 
complexities of the differential 
equations, one must now recognize that 
the reaction rate factor k and perhaps 
the equilibrium factor K are no longer 
constant but are tempera 
ture. The rate factor and equilibrium 
factor are commonly of the Arrhenius 
type, k = exp(A — B/T). Further, 
temperature will usually be a function 
of position in the reactor. By writing 
heat balances on a differential-length 


represent, at 


rate 


functions of 
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are checked 
In solving 


Ihe various computer units 
for electrical “zero” or balance 
nonlinear problems it is expedient to have 
one independent solution with which to 
verity the computer solution and estimate 
the over-all accuracy, This can be obtained 
by numerical or step-by-step solution of 
equations using a desk calculator or digital 
computer 

5. Computer solutions 
the desired conditions. It 
many cases to record the oscilloscope plots 


are obtained for 
is convement m 


photographically for future reference. In 
carrying out the analog solution it is well 
to compare the computer solutions with 


the independent check solution at regular 
intervals, thus providing a check on the 
reproducibility of the results 

The length of time necessary to carry out 
the preliminary Steps 1 through 4 varies 
considerably trom problem to the 
next, ranging from an hour or two to as 
much as a week The time-consuming 
steps are the Ist and 4th. Scaling a non 
linear problem is facilitated if a systematx 
Several scaling systems 
which has been de 


literature (7) 


one 


procedure is used 
one oft 


the 


are possible 
scribed in 
The unknown rate constants are de 


termined as follows 


equations 
up on the 
unknown 
arbitrarily 
the co 
then 


rate 
set 
the 


the differential 
“sealed” they 
Values for 
are 


1. After 
have been 
analog computer 
reaction-rate c 
chosen and inserted as settings of 
efficient units. Computer solutions are 
displayed on an oscilloscope 

2. Experimental data, i.e. the curves of 

ntact time, @, are plotted 
sheet which is then 


nstants 


concentration vs. c« 
on a transparent plastic 
placed in front of the oscilloscope tube 

3. Settings of the coefficient units of 
computer corresponding to each of the un 
known rate constants adjusted system 
atically until the computer solution dis 
played on the oscilloscope coincides with 


the 


are 


the experimental curves plotted on the 
transparent mark The values of the rate 
constants then can be obtained from the 


dial readings 


In essence, the set of differential rate 
olved for a large 
con 
has been 


equations has beet 


number of combinations of rate 
stants and from these the 
picked which correspond 

In doing this, 


the 


set 
to the experi 


mental curves it might be 


noted that same computer 


exactly 


computers 


setup would be used in solving problem 


(b), i.e., knowing the rate constants, find 
the product distribution for different 
ratios of reactants or levels of reactor 


temperature 


SEQUENTIAL REACTION 


Cc 


CONCENTRATION 


s 
*k 
CONTACT Time 


Fig. 1. Sequential reactions for which rate con 
stants, k, are to be found. Kinetic rate equa- 
tions ond reaction product distribution ore 
shown 
| 


ak 


o Integrate: o 
o 
severe 
Fig. 2. Differential equations and computer 


block diagram for sequential reaction problem 


basis, the temperature change can be 


expressed as a function of the heat 
released or absorbed in the reaction 
the heat transferred across the reactor 
walls, and the feed temperature. Except 


for the truly adiabatic case, no ar ilytical 


solutions known 
problems, Graphical or arithmetic inte 
gration methods have been used but are 


are lor noni othermal 


quite tedious in practice 

Computers offer perhaps the most prac- 
tical means for the 
nonisothermal problems. Wher 
essary equations are set up and 


available study of 
the nec 


olved 


on the computer, one has in essence a 
mathematical model of a reactor 


which 
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can be operated in a manner similar to 
a pilot plant; that 


with operation at different pre 


one can experi 


ment 


sure levels, preheats, cooling-water rate 


different « quipment 


and temper atures 


sizes, and many other condition From 
the mathematical 


ible to observe temperature and con 


“pilot plant” one i 


version profiles which permit interpre 


tation in the same way as with conven 
tional pilot-plant data. Keasons for 
using the mathematical model and com 
puter solution are that since results are 


obtained quickly, parameters can be in 
vestigated that would be uneconomical 
or impossible in an actual pilot plant 


Page 


a. Heat Exchanger-Reactor Exomple 


In order to demonstrate the analog 

heat-exchanger 
such as the am 
converter discussed in 
the literature by C. Van Heerden (8) 
The form of the kinetic differential 
equation involved in this problem is 
complex enough to require some care 
in deriving a practical block diagram. 
In addition this example illustrates the 
utility of a high-speed analog computer 
in handling two-point boundary condi- 


computer approach, a 
reactor is considered 


monia-synthesis 


tions, 

A sketch of the reactor is shown in 
Figure 3. The converter consists of a 
cylindrical catalyst vessel with a large 
countercurrent heat-ex 
The cold nitrogen- 


number ol 
changer tubes inside 
hydrogen mixture enters at the bottom, 
flows upward through the heat-ex- 
changer tubes and downward through 
the catalyst bed. A substantial portion 
of the heat generated in the catalyst bed 
in the exothermic reaction is removed 
by heat exchange to the cooler nitrogen- 
hydrogen feed. 

The net rate of ammonia formation is 
the sum of the synthesis and decompo 
sition rate as expressed in the following 
dimensional rate equation developed by 


Van Heerden.t 


ds 
da 
§ (2.41) C10") / (1 
} 0.108K*p" (i 
kT) (1) 
(1 s)* 
20,000 } 
, 


t Equation is presented in the same form as 
given by Van Heerden, with dimensions of 
parameters and variables in working units. 


CATALYST 
BED 


PREHEAT 
TUBES 


OUTLET 


INLET 


Fig. 3. Heat exchange converter for 
i sy sh i 
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A differential heat balance in the reaction 
zone results in 


aT _ AH ds Usd (T 
dx we, dx we, 
(3) 
and in the preheat zone 
Unb (T (4) 


dx we, 

It is to be noted that the equations, as 
written, apply only to one tube and its 
associated volume of catalyst. It is assumed 
also that at any point along the tube uni- 
across the 


form conditions exist cross- 
section 
For the present discussion it is con- 


venient to rearrange Equation (1). Assum- 
ing as Van Heerden does that pressure 
and linear velocity are constant parameters, 
replacing the equilibrium factor term, K’, 
with the ratio of synthesis and decomposi- 
tion rate factors, and multiplying &, (T) 
and k, (7) respectively by all constant 
terms applying to k, (7) and k, (T) so 


Fonction Adder Square voor 
fitter 


Fig. 4. Computer block diagram for Equation (7) 
(ammonia synthesis converter). 


as to obtain new terms k*, (7) and 


k*, (7), Equation (5) is obtained 


ds +s)(1—s)* 


+2) c 


where 


K* : 

The computer setup involves several 
features not previously mentioned Each 
rate factor, k (7) is simulated by the use 
of an arbitrary function generator. The 
input to the unit is 7, the temperature of 
the reaction zone, and the output is & (7). 
In this particular problem the rate factor 
is given by an Arrhenius-type equation ; 
however, one could just as easily employ 
other forms of & vs. T data. This function 
fitter approximates functional relationships 
by means of ten straight-line segments 
which can be varied independently in length 
and slope by means of twenty potenti- 
ometers located on the front of the unit 

The two groups involving z on the right 
hand side of Equation (5) present some 
difficulties for analog solution if carried 
out in the most obvious way by developing 
(l+s), (l—s)™ and (1—2)™ and 
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DISTANCE FROM TOP, K— 


bn 


=, 
Fig. 5. Temperature distribution in synthesis 


converter with internal heat exchange. 


then performing the variable multiplication 
and division. The fractional powers of 3/2 
and 5/2 could be obtained using the 
“squaring” unit which can be calibrated 
to provide exponents of 3/2 and 5/2 rather 
than 2. Variable division is a rather dif- 
ficult operation to perform accurately, 
particularly if the denominator approaches 
zero as it does in the present example 
If this literal approach were used, a rather 
large number of computer components, par- 
ticularly multipliers, would be required. A 
smaller number of components would be 
desirable in order to reduce setup and 
“zeroing” or checking time. The possible 
zero divisor for 0 in the second term 
of Equation (5) is eliminated by multiply- 
ing through by 2¢ and making use of 


», ds _ d(#) 
dx ds 


Defining * = y, Equation (6) is obtained. 


d 
= £,(T) 


dx 
—F4,(T) 
| (6) 
(1 Vy) 
dx 
(7) 
Since f, and f, are functions of y alone, 


additional function fitter components are 
employed, thereby eliminating a consider- 
able number of other units. The resultant 
circuit for solving Equation (7) is shown 
in Figure 4. The block diagrams for 
Equations (3) and (4) are derived in a 
straightforward manner 

In addition to satisfying the differential 
equations, the solution must satisfy initial 
or boundary conditions. For the rate equa- 
tion this is handled as discussed in the 
first example. A typical temperature dis 
tribution is shown in Figure 5. The 
temperature equations must satisty 


7 t when « =0 
t= 1(0) when « = L 

When solving such differential equa- 
tions graphically or by stepwise numeri- 


cal integration, one ordinarily starts at 
one end of the reactor with given values 


t dz/dx, needed in the heot balance, is ob- 
tained by taking the squore root of y to obtain 
z, then differentiating z in a D unit. 
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AMMONIA SYNTHESIS TEMPERATURE DISTRIBUTION 
T 
TEMPERATURE 
OUTLET 
INLET 
x 


of T, t, and y and integrates step by 
step until the other end is reached. In 
this reactor problem, the two known or 
specified temperatures are at opposite 
ends of the reactor. Thus, at s = L, y 
and T are unknown. At x = 0, the tem 
perature at the top of the 
unknown. In order to solve the problem 


reactor 15 


by usual mathematical methods, a trial 
and-error approach is required as de- 
scribed by Van Heerden. This consists 
of assuming temperatures at the top of 
the reactor and carrying out the integra- 
until the correct ¢ at 
x = L is obtained. Van Heerden sug 
gests a way of correlating the results 
make 


tion repeatedly 


so as to maximum use of all 


the information obtained; however, this 


process must be repeated each time con 
It 15 
to consid 


ditions in the reactor are changed 
apparent that this would lead 
erable work if the problem were to be 
studied by numerical integration 

In solving this problem on an analog 
computer, the same trial-and-error pro 
cedure is used; however, in the case ot 
the high-speed analog, one voltage is ad 
fata 
the tem 


justed corresponding to 7 
i.c., the initial conditions for 
perature equations. At the 
t on the oscilloscope is displayed and 
reterence 


same time 


compared at a L, with a 
voltage.* The coefficient unit supply 

* Standard high-speed computer technique in- 
cludes the use of an electronic switch permitting 
simultaneous display of two voltages or com 
puter solutions on the oscilloscope 


computers 


the 
initial 
adjusted 


corresponding 

and 7 
value of 
at 4 l the computer 
corresponds to the reference value of ¢ 
at a L. The trial-and-error 
procedure requires time than it 
to describe the procedure. Boun 
specified at two points 


ing voltage 
the 


then 


value of 
until the 
displayed by 


whole 
less 
doe 
dary conditions 
occur frequently in reactor studies and 
the high 
tremely well suited in handling this type 


peed analog has proven ex 


ol problem 


| 3 | UNSTEADY-STATE OPERATION 


The case of unsteady-state operation 
considerable 
For 


reactors, a 


is also of importance in- 


dustrially flow 
tubular 


concentration 1s a tunction ot both time 


systems employing 
case exists where 
and location, and no longer can time 
and location be uniquely related as was 
done in Equation (1) for the continu- 
converter 
state 
able to represent composition as a func- 


ous-flow In practice one can 


study unsteady processes if one is 


tion of only time, i.e., concentration 1s 
independent of position in the reactor 
Two common types of reactors shown 
in Figure 6 in which it is assumed that 
perfect mixing is obtained satisfy these 
requirements 


For the sake of clarity in explanation 
the following discussion is limited to simple 
first-order kinetics; analog solution of 
more involved cases would be carried out 
already been discussed in the two 
examples. The continuous case 
will be treated first. Equating the accum- 
ulation of the reactant with concentration 
z to the sum of disappearance of reactant 
by reaction and net change due to flow, 
s, — 2, between inlet and outlet, the follow- 
ing equation is obtained 


as has 
previous 


dz 
dé 


Conc. Z 
temp. T 


Fig. 6. Constant-environment reactors for con- 


where &,(7) 


exp ( le 
balance equating a 
generated by reaction 
plus heat transferred to the jacket plus 
the net heat carried in by liquid flow 
results, after rearrangement, in 


dT 
do 


\ differential heat 
cumulation to heat 


(9) 
The equations tor a batch reactor are 
obtained if w, the throughput, is put equal 
to zero The batch are of the 
same general form as given earlier for the 
tubular reactor, Equations (1) and (3), 
and, except for definition of constants, the 
analog treatment is identical, For the 
continuous - feed where w can be 
treated as a four linear 
computer units need be added (two adders 
and two coefficients) to include the terms 
w(V,—2)/Vp and wiT,—t)/Vp. Per- 
mitting w to vary would require the use of 
variable multipliers. It is that 
concentration plots can be obtained as a 
function of time by 
puter solutions 


Since 


equations 


(am 


constant, only 


obvious 
straightiorward com 


is now the independent var 
study the dynamic behavior 
and heat trans 
dynamics are ot 
process 


tine 
iable one may 
of the combined 
fer process Process 
particular interest in 
control. It is possible to study the dynam«x 


reaction 


automat 


such nonlinear processes and 


behavior of 
at the lude analog 
of control equipment. It is rather straight 
forward then to determine stability regions 
for any control, operating con 
dition, of disturbance It should 
be pointed out that the control information 
omputer is the transient 
tep disturbances and not the 
sinusoidal response en 
work 


same time nnulation 


mode of 
process 
ibtained with the « 
behavior tor 
more common 
ountered in control 
a fairly typical con 
reaction kinetics 
continuous - flow, 
this 
temperature 1s 


illustrates 
olving 

transter m sa 
reactor In 


Figure 7 
trol problem in 
ind «heat 
constant-environment 
particular cam the 
measured and 
jac ket 
situation 
that the 
tional plus re 
additional 


pr 
control the 


With the 


used to team 


temperature, f, control 
illustrated the 
controller incorporates 
et control, the 
units to 


assumption 

propor 
analog wi 

implement the 


and 


require 
following equation 


] 10) 


where a mitrolle 


setting 


and 4, include the « 
armel the 
lationship m the 


gain 
temperature-pressure re 
jacket 

illustrates a .cather simple 
ntrol loop. Much 
problems 
differential 
describe the 


steam This ex 


ample type ot 
¢ 
control 
appropriate 
can be written to 
contribution of the 


thre com 


can be studied a 


plex 
lone as equations 
dynam 
control lo » and asso 
clements 


ciated process 


tinvows or batch operation. 
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Fig. 7. Continvousflow reactor with avtomatic 


control loop. 
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Fig. 8. Oscilloscope photograph of analog 
solutions to a set of nonisothermal reactor 
equations. 
Advantages and Limitations of 
Operational Analog 

The computational advantages of the 


high-speed or repetitive operational analog 
as compared to manual, digital, or low 
speed operational analog solution depend 
largely on the speed with which indivictual 
solutions are obtained. This, in turn, per 
mits economical solution where large num- 
bers of solutions are required to carry out 
a trial-and-error process, Another advan 
tage of the rapid solution is that it permits 
scanning a large region of the solution after 
which the unimportant regions are left and 
the more important are studied in detail 

Phe of operational analogs in 
kinetic problems is mainly in the fact that 
rate equations may be rapidly solved with- 
out necessity of assuming isothermal opera- 


value 


tion. Use of the analog computer permits 
a more detailed study of the mathematical 
“pilot plant” of existing or proposed 
kinetic systems, thereby assisting in ap 
proaching optimum operation or in ob 
taining a sounder design. In the case of 
unsteady-state operation the analog per 


mits study of the transient and control be 
havior under startup or other conditions 
differing from the small excursion region 
for which controls are usually designed, 
It is also obvious that the operational ana 
log has many other applications, The high- 


Memerical check 


compete 
~ 
in 
Longe 
on 
” 
2 
as 
Longe 
Fig. 9. Tubular reactor system check of 
analog solution. 
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speed analog is particularly well adapted 
to problems in other fields described by 
differential equations which would nor- 
mally require trial-and-error solutions. 

In this discussion it is necessary, in all 
fairness, to point out the limitations of the 
operational analog. Since all analogs are 
dependent upon physical measurements, 
there is always a limit on the ultimate 
accuracy. The analog computer should not 
be considered when extreme precision is 
required; precision is more naturally the 
field of the digital computer; however, in 
practice the high-speed operational analog 
is found to have sufficient accuracy for 
the majority of technical problems of the 
types discussed here. Accuracies will vary 
from 1 to 5% of full seale (i.e. of 50 v.) 
Reproducibility of results is considerably 
better, provided reasonable care is taken 
in checking the computer. The components 


limiting the accuracy of the high-speed 
unalog are found to be the oscillosco 
used for output, the multiplier units, and 


other nonlinear units. As would be expected, 
nonlinear equations suffer most from com 
ponent imaccuracy. Since it is our pra 

tice to Compare computer operation against 
independent check solutions, it is possibl 
to determine the expected accuracy for any 
given problem. Figure 8, for example 
shows a photograph ot an oscilloscope lace 
on which are displayed analog solution 
temperature and concentration profiles in 
a typical nonisothermal tubular reactor. In 
this particular problem, the computer con 


tor 


sisted of twenty-four individual units. A 
comparison of these analog results with 
numerical check solutions calculated on a 


shown in Figure 9. 
it is possible to maintain com 


digital computer is 
With care 


parable or better reproducibility over 
periods of at least a month. As men 
tioned previously, the time required for 


scaling, obtaining a check solution, calibrat 
ing, zeroing, and otherwise maintaining 
accuracy leads to a considerable fraction of 
the total time required to solve a problem 
In problems of roughly the complexity 
described here, from twenty to 100 solu 
tions would have to be required before it 
would be considered economical to consider 
operational analog solutions. 

The operational analog is limited for 
the most part to solving ordinary differ 
ential equations. Partial differential equa- 
tions can be solved only when it is possible 
to restate them in the form of ordinary 
differentials, Several techniques have been 
described for accomplishing this, but in 
any case the possibilities are rather limited 
In solving nonlinear equations one is 
limited in the number of nonlinear factors 
which can be incorporated. This is because 
the inherent inaccuracies of such com 
ponents tend to cascade, thereby reducing 
accuracies below an acceptable level. At the 
present state of development in the com 
puters described here, a problem is limited 
to not more than six major nonlinear 
units. In solving kinetic problems it ha 
been found that the most serious trouble 


occurs in generating the Arrhenius-type 
rate factor. A rough rule states that a 
rate factor will double for each 10°C 


increase in temperature. With this rule, 
a 100° increase would cause better than a 
1,000-fold change in the rate factor. In 
general, the resolution obtained with analog 
computers enables the covering of a 100 
to-l range with acceptable accuracy; hence 
in fitting rate constants with function gen- 
erators one is restricted to the case where 
temperature changes are limited to about 
50° to 70°C. variations. This can be a 
rather severe limitation in certain kinetic 
problems. 
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ABC mole fraction of reactants in sequen- 
tial reaction problem 
A,B, constants in Arrhenius-type Equation, 
i 
A = heat transfer area in constant-en- 
vironment reactor 
% specific heat at constant pressure of 


reaction mixture 


D diameter of heat exchanger tubes 


f = function 
AH heat of reaction 
k = reaction-rate factor (constant at a 
fixed temperature) 
ke product of reaction-rate factor and 
other constant coefficients 
K equilibrium factor (constant at a fixed 
temperature) 
L = length of synthesis converter 
Pp total pressure in reactor, atm. 
? = temperature of fluid outside reaction 
zone, “ K. 
T temperature of fluid inside reaction 
zone, * K. 
u superficial gas velocity in catalyst ves 
sel 
U over-all heat transfer coefficient 
Vv lu of constant-environment re 
actor 
~ weight rate of flow 
x distance from top of synthesis con 
verter 


y z’ by definition 


z mole fraction of reactant or product 
a,8 = controller constants 
p = density 
6 = contact time 
SUBSCRIPTS 
O means at inlet to reactor 
reverse reaction 
2 forward reaction 
s set point 
j jacket 
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he stimulus of nuclear reactor de 

velopment has produced many tech- 
nological advances of general interest. 
Use of liquid or molten metals as a 
means of conveying heat is one of them 
When the idea first came up, it seemed 
a simple enough thing to do and the 
potential advantages in a large variety 
of industrial processes ranging from 
reaction kettles to reheat for steam tur- 
bines were so obvious that it was diffi- 
cult to resist the temptation to tackle 
them all and nuclear reactors too. 

Since these early days much time and 
effort have been expended on the sub 
ject and it has become somewhat easier 
to see the field in perspective 

The advantages inherent in the use 
of liquid metals for the transport of 
heat are fairly obvious, the difficulties 
much less so. 

The greatest liquid 
metals is due to their high boiling points 
combined in favorable instances with 
low melting points; this enables liquid 
heat transfer processes to be carried 
out over wide temperature ranges. Table 
1 gives a comparison of a number of 
liquids, 

Not all the substances mentioned are 
either readily available or suitable as 
heat transfer fluids. 

Water, not mentioned in the table, is 
transfer 


attraction of 


an exceptionally good heat 
medium with relatively few limitations 
These limitations are, however, of such 
specific importance in nuclear energy 
applications that they have provided the 
stimuius for the development of alterna 
tive coolants. 

The first difficulty with water is the 
critical temperature of 374°C. which 
sets a rather low limit to the upper 
temperature of any heat engine cycle 
if the heat is to be supplied by circu 
lating water. Moreover, high-tempera- 
ture water requires inconveniently high 
pressures for its containment. 

A more specific difficulty is due to the 
nuclear properties of hydrogen. The 
absorption cross section for thermal 
neutrons is fairly high 

In addition water is the most effective 
substance for slowing down neutrons 
and this leads to difficulties in some 
designs of thermal reactors and ex- 
cludes it altogether for fast reactors 
Organic liquids have the same disad- 
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vantages to a greater or lesser degree 
in addition to limited stability under 
high temperature and irradiation 

The situation might fairly be sum 
marized by stating that in the case of 
the fast reactor we are forced to liquid- 
metal coolants, whereas in the case of 
thermal-power reactors there are great 
potential advantages to be set off against 
the difficulties of introducing a new tech- 
nology. 


Reactivity 


The first difficulty to be met in the 
use of liquid metals is their chemical 
reactivity. 


Ihe alkali metals are of course par- 
ticularly reactive and will, at elevated tem 
peratures, burn spontaneously in air. The 
heavy metals are less reactive in this ob 
vious way but seriously toxic. The fire or 
toxicity hazard which arises with these 
high temperature fluids is incidental, Theis 
reactivity makes it in any case essential 
that they should be most carefully con 
fined. All the metallic oxides are corrosive 
and some alkali metals form in contact 
with air nitrides, hydrides, and hydroxides 
as well, all of which lead to serious cor 
rosion troubles as well as the danger of 
plugging critical points of a flow circuit. 


Melting Boiling 
Point Point 
Substance "¢ 
Di-2-naphthylamine 71 471 
Tetra ary! silicate 
(TAS 160) eee 20 427 
Triphenylamine 125 365 
2-4’ -biphenyldiomine 45 363 
4 Bromodipheny!l ...... 90 310 
2 Naphthyl-pheny!- 
methane 25.5 350 
Diphenyl-diphenyloxide . 162° 400 * 
Caustic sode . ; 3184 1390 
Arsenic trijodide ... 146 403 
Sulfuric acid ...... 10.5 330 
Heot transfer salt (NoNO, 
+NeNO,+KNO, ... 200 * 550 * 
Sulfur .. ee eee 120 4446 
Mercury 357 
Gallium 29.92 1983 
Rubidium 39.0 688 
Potassium 63.7 700 
Sodium ; 9748 683 
Lithium 179 1317 
Sodium-potassium 765 
Leod bismuth 125 1670 
* wsable range. 


| 
Table 1.—Comparison of Liquids ; 
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Fig. |. Frazer-Nash sodium valve. 


Fig. 2. Flap filter for sodium. 


Leak Tightness 


In all liquid-metal applications it is 
therefore of prime importance that the 
whole plant should attain a high standard 
of leak tightness and that any gas at- 
mosphere present over free surfaces in 
the plant should be completely inert. 

Freedom from leakage is an onerous 
demand and can be met only with a 
good deal of specialized experience, par- 
ticularly when the alkali metals are used, 
which at high temperatures are certainly 
the most searching crack-detectors, On 
the whole it is-useful to model one’s 
procedure of assembling and testing a 
liquid-metal plant on customary high 
vacuum techniques. That is to say, one 
proceeds by assembling components first 
and assembling them into the plant after 
they have been proved leaktight. It is 
well to remember that two separate re- 
quirements have to be met: one is to 
establish leak rates, if any, and the 
other to find the leaks. 

It is important to ensure that no 
potential leaks are blocked or covered 
during manufacture or assembly by slag, 
paint, oil, or the like which would be 
attacked subsequently by the liquid metal. 


For this reason it is inadvisable to use, 
for imstance, coated electrode arc welding 
where a small slag inclusion might give a 
perfect seal under test but provide a leakage 
path by reaction with the liquid metal 
Experience would indicate that it is best to 
separate functions and make seal welds by 
the inert are technique and take structural 
loads separately. This can be done either 
by using edge-welding as the seal and bolts 
to take the structural loads or by making a 
huttweld with an inert arc sealing run on 
the inside followed by a metallic are struc- 
tural weld over it. With care excellent 
results can be obtained either way provided 
scrupulous cleanliness is observed. It should 
be remembered also that all joints must be 
tested before they become enclosed or in- 
accessible in further stages of assembly. 
The drawing of a 1l-in. sodium valve 
(Figure 1) shows an assembly by edge- 
welding throughout, including the dia- 
phragm stack bellows, which has proved 
satisfactory in high-temperature service. 
In this instance both the weld on the gas 
backing line and the welds on the bellows 
stack are tested before final assembly. The 
pipe stub at the bottom shows the custom- 
ary preparation for a buttweld made as 
described above. 


Inert Gas 


Once a leaktight plant has been assem- 
bled a supply of inert gas is required. 
With sodium or potassium, helium, 
argon, or nitrogen may be used as 
inert atmosphere and preference must 
be decided on grounds of cost and con- 
venience. With lithium a rare gas is 
essential but with lead a reducing at- 
mosphere, e.g., hydrogen, may be useful. 

In any case a high standard of gas 
purity is essential, particularly where 
gas pressure is used to displace liquid 
from one vessel to another so that large 
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gas quantities come in contact with the 
liquid. 


The type of gas purification train used 
is again largely a matter of personal 
preference and many types have been used 
successfully. In the author's experience an 
argon purification train consisting of a 
calcium packed tube at 600° C. followed by 
a Na-K bubbler has proved satisfactory and 
trouble free in service. It is difficult to 
determine the allowable contamination of 
blanket gas since the concentrations of 
oxygen or water involved are not measur- 
able by any straightforward method. In 
practice it is relatively easy to observe an 
exposed area of liquid-metal surface in 
contact with the gas and get an exceedingly 
sensitive indication of any objectionable 
impurities which may be present. If such 
a test is satisfactory in that no clouding of 
the surface appears within a minute or so, 
no trouble will be experienced. 


Start-up 


However clean the assembled plant 
and the available gas may be, further 
steps are necessary to get a clean liquid 
circulating at high temperatures. For 
the original filling it is strongly ad- 
visable to evacuate the plant and remove 
adsorbed gas and moisture by warming 
with trace heating if possible. The plant 
then should be filled with purified inert 
gas and carefully evacuated a second 
time. After that the vacuum may be 
used to suck in the liquid metal from 
a storage tank. It is usual to bring in 
the liquid metal through a filter of the 
sintered stainless steel type to keep back 
any suspended oxide which may be pres- 
ent in the tank. When the circuit is 
filled and brought up to temperature, 
remaining traces of contamination in 
the plant will be picked up slowly by 
the liquid metal ; this results as a rule in 
a higher oxide concentration than is 
advisable. If the plant is small and 
satisfactorily vacuum tight a final purifi- 
cation can be achieved by heating the 
liquid metal to the highest tolerable 
temperature in the circuit and dumping 
it hot back to the storage tank, letting 
it cool there and bringing it back again 
several times. With the marked increase 
of oxygen solubility with rising tem- 
perature, this procedure gives a satis- 
factory clean-up. 

In larger plant this method is not 
convenient and one should therefore pro- 
vide a cold trap, that is, a by-pass line 
in which a small amount of the liquid 
metal is taken out of the circuit, cooled 
near to its freezing point, filtered or 
settled in a packed tank, and then re- 
turned. If such a cold trap is the point 
of lowest temperature in the circuit, all 
oxide in excess of the solubility at cold- 
trap temperature will eventually be de- 
posited there 


Pumping 


The pumping of liquid metals can be 
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done in a variety of ways, which have 
been described in the literature. The 
possibility of making electromagnetic 
pumps without moving parts is one of 
special interest, particularly for nuclear 
reactors where the presence of intense 
pump maintenance 
all but impossible. The principle of all 
electromagnetic pumps is quite simply 
the interaction of force, current, and 
magnetic field at right angles to each 
other. Almost an unlimited number of 
ways of designing such pumps can be 
put forward and most of the more prom- 
ising solutions have been investigated 


radioactivity makes 


to a greater or lesser extent 


It has become customary to distinguish 
between conductive and inductive pumps, 
that is, pumps in which the “armature” 
current is supplied externally or induced 
internally. Both d.-c. and a.-c. conductive 
pumps have been built and operated suc- 
cessiully with sodium but the latter are 
most useful in small sizes. Conductive 
pumps, the d.-c. variety in particular, are 
likely to collect gas in solution or suspen- 
sion in the liquid metal on the conductor 
pole pieces and this ¢an lead to severe 
reduction or complete interruption of per- 
formance. This effect, if unsuspected, can 
lead to much trouble which is difficult to 
track down. A momentary switching off 
of the current releases the gas so collected, 
but the only cure for the trouble is careful 
degassing of the circuit and prevention 
of gas entrainment at free surtaces. In- 
ductive pumps do not show this obscure 
phenomenon 


Induction-type electromagnetic pumps 
now have practically eliminated all other 
pumps for large flow rates—at any rate 
of sodium. The theory and design are 
well understood, the 
akin to normal electric machinery and 
their reliability is proved by many thou 


manufacture is 


sands of hours of operation. 

rhe best efficiencies attained in opera- 
tion are in the order of 35% for sodium 
and appreciably lower for sodium-potas- 
sium alloy. 

Operating temperatures are limited to 
300 to 350° C. depending on whether 
or not air cooling is applied to the 
windings. This applies to pole pieces 
wound by techniques. 
Higher temperatures of operation are 
undoubtedly possible, but they await the 
development of new and unorthodox 
winding and insulating methods 

It is a notable feature of liquid-metal 
plants that all the elementary components 
as well as the specialized devices have 
designed and developed from 
scratch; no standard equipment has 
The valve shown in 


conventional 


to be 


proved adequate 
Figure 1 is one example, showing how 
a satisfactory design for liquid metals 
differs water or steam 


from, say, 2 


valve 


Pilot Plant 


As illustration of the kind of design 


experience which has been built up it 
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may be worth while to quote some details 
of the experimental sodium-steam super 
heater-test plant built by Foster- 
Wheeler at Egham 


Steam—6,400 Ib./hr.—is circulated at 
1,000 Ib./sq.in. and dropped from 1,025° F. 
C.) to 735° F. (390° C.) in giving 
up heat to sodium in one heat ex¢ hanger 
and reheated by the circulating sodium 
in a second heat exchanger from 600° F. 
(316° C.) to 820° F. (438° C.). The steam 
then goes on through an oil-fired super- 
heater where it is brought back to the 
original top temperature. The upper and 
lower temperatures in the sodium circuit 
are 900° F. (482° C.) and 680° F. (360° C.) 
respectively. The sodium is circulated by 
three small a.-c. conduction-type pumps in 
parallel at a rate ot 15,600 \b./hr. These 
pumps were chosen because they happened 
to be available at the time as the only 
pumps suitable to operate at 360° C. con- 
tinuously. 
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At the time of writing, about 1,500 
hr. of operation of the plant have been 
accumulated. Much useful information 
has been gathered and the original de 
sign has been well justified. The basic 
purpose of the plant was to prove 
whether simple, single tube heat 
changers could be operated safely with 
the 


ex- 


steam on one side and sodium on 
other under severe practical conditions 
Both heat exchangers are identical and 
each consists of a pair of exchangers in 
series. These in turn each contain 
bundles of 243%-in. tubes, 16 S.W.G., in 
U formation, about 13 ft and 
welded to their respective tube plates 


The steam is on the shell side and all 


long 


parts of the plant touched by sodium 


are of austenitic stainless steel and 


welded throughout 


Mishaps 


Several instructive mishaps have oc 
curred. Owing to corrosion from the 
water side, one tube has failed inside 
the tube plate but not at the weld 
Steam the circuit 
the resulting pressure broke the bursting 
disks and most of the sodium in the cir 
cuit was discharged through it. There 
was no fire and no damage to adjacent 


The 


clearing out of the sodium hydroxide in 


entered sodium and 


tubes or other parts of the plant 


crustation of the plant caused a lot ot! 
trouble 

One pump channel developed a fatigue 
crack, possibly due to incipient cavita 
tion caused by too low a static pressure 
The fault 
slight 


was 
moke 


ar 


in the sodium circuit 
detected by 
trail from the affected pump 
the leak small 
It proved possible to go through normal 
the 
sodium circuit before removing and re 
placing the pump. About pound 
of sodium had leaked out 

A fair amount of oxide plugging was 
experienced in the early part of the 


observir 
fire 
one 


occurred being a 


out 


shutdown procedure and wash 


one 
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materials 


time there was no 


the sodium being 


At the 


circuit 


operation 
cold trap im 
cleaned on admission through the filter 
shown in Figure 2. Cold trapping cured 
the complaint 

The preheating of this plant is done 
by tracing all pipes with electric heater 
wire, placed underneath mane ral wool in 
sulation. It was found necessary to cover 
the circuit with a complete set of ther 
during 
Much 


mocouples to indicate conditions 
warming up before sodium filling 
time was wasted without them. 

The whole plant is so laul out that it 
will drain completely and that is un 
important feature, much 


inconvenience being 


doubtedly an 
cau ed during 
cleaning iry ga 


where the same principle had not been 


even by auxil lines 


observed 


Cleaning 
Many 


bec n 


proce dures 
the 
Cleaning with 


different cleaning 


have tried of and 


proposed 
choice is not an easy one 


water jets in the open air is dangerous, 


even with relatively open pieces ot plant 
Hydrogen-air explosions always occur 
caused to more 


the 


and much damage 1s 


delicate items, even with greatest 


care 
admission of low- 


vacuation and 


team with continuous evacua 


tion ot the 
a safe method and readily controllable 


pressure 


hydrogen ftormed is quite 


[he disadvantages are corrosion troubles 


from the caustic soda formed and the 


likelihood of plugging smaller passages 


and trapping metallic sodium behind 


solid caustic soda. But in suitable cases 


and with care the method can be satis 
factory 

Cleaning with alcohol is not advisable 
because soapy addition compounds form 
difficult 


Smal) pieces contaminated 


and block the passages and are 


to dislodge 


with sodium or sodium-potassium are 


readily and safely cleaned in a deep 


vessel of acetone with added dry ice 


Phe 
and keeps the liquid cool while at 


carbon dioxide slows the reaction 
the 
same time providing a gas blanket which 
effectively prevents the ignition of rising 
hydrogen bubbles 

The sodium-steam plant described is 
ammonia leaning 


equipped with an 


plant, permanently installed, Dry, liquid 
ammonia is the only practicable sub- 


which will take sodium into true 


Hence, 
move residues of sodium from a plant 


stance 


solution it 18 possible ti re 


vy washing with liquid ammonia without 


leaving behind any residues hw 


plant which has been operated with 


sodium and washed out with ammonia 
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can be opened to the atmosphere for 
inspection or alteration without danger 
of contamination by atmospheric oxygen 
or moisture or hazard to the operator 
Moreover, there are no deposits or cor 
rosion during cleaning to obscure what 
ever changes may have taken place on 
surfaces during operation. In 
the circuit 


the ab 


sence of oxide in ammonia 


cleaning is straightforward. If there 
are small amounts of oxide deposits, they 
after the 


of the metal by a wash with a solution 


can be cleaned out removal 
of ammonium chloride in ammonia fol 
lowed by a further wash 
With much oxide, especially with parts 
of the plant plugged, the process is diffi 


cult, but it seems likely that with a good 


ammonia 


system of monitoring concentrations in 
the washing streams even such difficult 
cases could be handled satisfactorily. 


Sefety 


Fire hazards loom rather large when 
a program of liquid-metal work is first 
embarked upon, but they diminish rap- 
idly with experience. None the less it 
is essential that adequate precautions be 
taken. The first thing is to minimize 


the hazards which could arise 
sodium leak. As a rule will 
ignite spontaneously at temperatures 
above 400° C. (750° F.) but it can ig- 
nite at much lower temperatures. Water 
in any form must be kept away because 
of the great violence of the resulting 
hydrogen-air 


from a 
sodium 


explosions Cone rete, 


moist sand and wood are dangerous. 
It is advisable to cover the floor below 
a sodium plant with an assembly of 
than 2 ft 


to catch leaks and allow fires to be put 


steel trays not more square 


out easily, should one occur. Insulating 
materials must be tested for their re- 
hot 
them react violently 


sodium, because most of 
Mineral 
certain types 1s satistactory, 


action to 


wool of 


Fire-extinguishing powders are avail- 
able and so are suitable applicators, and 
even large fires can be put out in a few 
seconds by experienced operators, pro- 
vided the fires occur in places which 
can be covered by the powder. In a 
fire, thick caustic smoke is produced in 
great volumes and this makes fire fight- 
ing most difficult in confined places. It 
is advisable to have powerful emergency 
ventilation to maintain some visibility, 
to provide easy access, and to install 


Criteria for 
selection of 
equipment 
for 
separation 
processes 


The presence of radioactive materials imposes 
restrictions on the selection of equipment above 
those that would apply for more conventional 
plant, and these restrictions must be taken into 
account when selecting a process. The extent to 
which servicing can be carried out governs the 
design specification and the type of equipment 
that can be employed. This is demonstrated by 
the classification of plant in the accompanying 
table. 


Based on a@ paper presented at the Geneva 


International Conference on the Peaceful Uses of 
Atomic Energy. 
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handrails or other guides as well as 
low-level safety lighting. 


Two types of protective clothing are em- 
ployed: one is the normal working outfit of 
hreprooted cotton laboratory coat, safety 
glasses, and plastic helmet, eyes and hair 
being the most vulnerable points for small 
splashes; and the other is full protective 
clothing for emergency. It consists of 
fireproot plastic helmet with additional 
aluminum top, safety lenses with fine wire 
gauze screens in front and respirator, cape 
to protect neck and shoulders, a press- 
studded coat which can be discarded in 
stantly, polyvinylchloride gumboots and 
moleskin gloves. The cape and coat are 
made of a fine chrome tanned leather with 
seams covered by glued joints. Any stitched 
joints are attacked rapidly. Seams are 
so arranged that no small pools or droplets 
can be héld by them. This outfit will pro 
tect the wearer against a shower or jet 
of red hot sodium. Identification marks 
are important, since it is impossible to 
tell people apart in such costume. 


Fires are rare in practice, and there- 
fore, it is important to have a thorough 
and regular fire-drill practice so that 
all concerned may acquire the necessary 
skill and confidence to cope with any 
emergency. 


Based on a paper presented at the Geneve 


International Conference on the Peaceful Uses 
of Atomic Energy. 


C. M. Nicholls 


Atomic Energy Research Establishment 


Harwell, England 


An Activity Classification of Plant 


Design and Servicing Implications 


Total Activity 
Present in Cell 
» 1000 curies 


Grade 
Extremely 
high activity 


Very high 
y-activity 


tion, 


Short entry 

(2-30 min.) after ex- 
tensive decontamina- 
assuming ease 
of decontamination is 
made a feature of 
design of vessels and 
plont. 


Entry possible ofter 
draining plant ond a 
limited amount of de- 


Possibility of 
Entering Cell 
No entry at all 


Detign Notes 
No relaxing of design specifi- 
cation possible. All servicing 
must be done from outside 
shielding by remote control 


Slight relaxing of design speci- 
fication is possible if plant is 
required for short-time service 
only. For plant required to 
work for a long life, Grade | 
design specification is neces- 
sory. 


Careful use of some conven- 
tional plant items may be per 
missible. 


contamination, parti- 
cularly if some local 
shielding is used. 


Entry may be p 
during operation, par- 
ticularly if 


ibl Conventional plant items can 


be used. 
local 


shielding is used. 


Entry possible at any 
level of activity for 
unlimited periods. 

(wearing 


Owing to intense toxicity, plant 
should be inside “fume cup- 
board” or “dry-box” type of 


protective cell and should be leakproof. 


clothing and mask). 
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2. a 100-1000 
3. High 1-100 
4. low > 1 curie 
*y-activity 
5. a-activity 
only 
— February, 1956 
‘ 


Fig. 1. Burning rates of JPN in rod form. 


small-scale facilities for development 
of DOUBLE-BASE PROPELLANTS 


f the several different kinds of solid 
0 propellants, this paper is concerned 
with the double-base variety. The origin 
of solid propellants lies in the gun field, 
where black powder was first used only 
to be displaced by smokeless powder 
trocellulose with 
a small amount of stabilizer 
This is known as single-base propellant 

The fluffy 
verted into the useful controlled granu 


consisting chiefly of n 
present. 


nitrocellulose was con 


lations by plasticizing with ether-alcohol 


as a solvent and extruding the pasty 


material into cylinders or strips for dry 


ing. A stabilizer was added to absorb 
the products of decomposition of nitro 
cellulose, which are made slowly but 


continuously at normal temperature, and 
to remove them so that they would not 
tion more 


further decompo 


to make the powder or 


the 
In ordet 


make 
rapid 
propellant more powerful and faster 
uch materials as nitroglycerin 


] hese 


double base 


burning, 


were added later propellants 


were described as It became 


apparent that nitroglycerin acted as a 
plasticizing agent itself, and ultimately 
the ether-alcohol solvent was dispensed 
with in certain compositions to allow 
the making of solventless powder 

The Germans and the British had 
used a solventiess process for making 


large extrusions in which the removal 


of solvent would have been so slow a 
to prohibit the use of the normal solvent 
manufacture When the 
solventless for making rocket 
charges was tried in this country during 
World War II, first 


used was that of mortar 
As the work progres 


process or 


proces 


ition 
heet 
ed, the composition 
became more the addi 
tion of various ingredients for one pur 


the compo 


trench 


elaborate with 


pose or another. Typical compositions 
Messrs. Carlton and Wiegand are associated 
with Southwest Research Institute, Sen Antonio, 


Texos. 
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Solid propellants suitable for use in rockets have become 


important military materials. Many groups, both in govern- 
ment and in industry, are working on the problem of 
developing improved solid propellants for use in rockets. 
One group working in this field is located at the Naval 
Ordnance Test Station, Inyokern (NOTS), China Lake, Calli- 
fornia. This paper describes the facilities and the methods 


A. T. Camp, C. H. | 
QO. Elliott, and J. H. Wiegand 


used in World War II are shown in 
Table 1. 
Double-base propellants are essen 


tially nitrocellulose-base plastics differ 
ing trom commercial nitrocellulose pla 

tics by their greater flammability. Their 
different ingredients fall 
functional classes. A discussion of these 


into certain 


will shed light on the basic problem of 
propellant development 


Nitrocellulose is generally classed in terms of 


the percent of nitrogen on a weight basis 
standard grades produced in this country for 
12.2, 12.6, or 13.4% WN, 


desired percentages being obtained by 


militory use contain 
other 
blending two different grades. Since cellulose 
is c variable product depending on many factors, 
lt has been 


proposed that nitrocellulose might be reploced 


specifications are hard to establish 


with a synthetic moterial, just os silk hos been 
replaced by nylon for many uses, but the re 
search problems involved are difficult 

An exomple of the explosive plosticizer is 
nitroglycerin. it has two functions: (1) to in 
crease the energy of the powder and make it 
ond (2 


properties of the nitrocellulose and produce the 


burn faster, to modify the physicol 
desired amount of flexibility and plasticity for 


extrusion while still retaining at least port of 


the mechanical strength of the nitrocellulese 
fibers. 

Of the imert plasticizer diethy! 
phthalate is one that widely used 
This exerts a major influence on the 


mechanical properties of the propellant 
the 


temperature of the 


and also reduce total energy and 
the flame 
powder 
effect 


scribed as c 


burning 
latter 


ingredients have been de 


gases. Because of thi 
such 
olant proper balances 
tituent (mitro 


and inert 


con 


cellulose explosi ve pla ticizer 


of the three major 


plasticizer) desired flame tem 
and 


be obtained within a wide range 


energy, 


perature mechanical strength car 


used at NOTS in developing double-base rocket propellants 


Chemical Engineering Progress 


U. S. Novel Ordnance Test Station 


Inyokern Chine Loke, Colifornio 


Finally, minor amounts of other in 
gredients may be added to improve ex 
trusion§ characteristic for example, 
candelilla wax in the propellant having 
the military designation [PN (Table 1) 
or to ensure regular burning at all tem 
peratures of use. The control of burn 
ing regularity can be illustrated by the 
effect of carbon black and potassium 
(Carbon black has the function 
of preventing radiation from the hot 
gases trom penetrating much beneath 
the burning surface and causing burning 
to start there prematurely Potassium 

ulfate improves the regularity of igni 
tion and burning at low temperature 

Che rate of burning of a propellant a 
measured in a direction normal to the 
burning surface chiefly a funct " 
the pre ure ot the urrou pase 

ind of the original temperature of the 
propellant it’ the fart ot uri I he 
burnut rate lof TPN tunction of 
pr ure an temperature ! 

] 


Process of Propellant Development 


A solid rocket propellant } 

sdapte for ervice ma ive be 
manulactured in enor j juantitve 

for stockpiling, or for use im wartime 
It is important that the techniques used 
na propellant development program be 
such that one 1] ive contidence that 
the same con position made in a produ 

tion plant will have identical properties 
lo provide th conhaence i number of 
highly definitive performance tests have 
been developed in addition to precise 
method ! quantitative In the 
laboratory tage | oeve nt tne n 
cern here i with bat ‘ prope lant 
1 to 10 Ib. in weight. The preparative 
and evaluation techniques used at this 
stage are such that a propellant devel 


oped on th scale can be taken to 1,000 
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Ingredient 


nitrocellulose 

nitrogen content of NC 
nitroglycerin 
dinitrotoluene 

diethyl phthalote 
diphenylamine 

ethyl centralite 
potassium sulfate 

potassium nitrate 

nigrosine dye (added) 

carbon black (added) 

condelilla wax (added) 


lb. pilot plant batches and on to full 
scale production without encountering 
seriou 

The steps used in propellant develop 
Naval Ordnance Test Station 
are as follows; 


problem 


ment at 
N¢ S } 


1. propellant manufacture, which includes ob- 
taining the several ingredients; mixing the in- 
gredients to form a paste; drying and aging the 
paste; rolling the paste to form sheets; and ex- 
truding the sheets into forms suitable for tests. 

2. chemical analysis and stability tests. 

3. mechanical and ballistic tests. 


From as little as 1 lb. of the experi- 
mental propellant except 
trength tests, can be com- 
pleted; given a 10-lb, sample all perti- 
nent can be Whereas in 
actual goes from 
laboratory to production on the basis 
of a single 1- to 10-lb. experimental 
lot, it can be done with fair safety, 
provided the experimental lot demon 
strated precisely the properties sought. 
The strand burning test is the key to 
this confidence. Prior to its perfection, 
which has taken place within the last 
few years, the development of a propel- 
lant required the testing of many 1,000- 


these steps, 


mechanical 


made, 
one 


tests 


practice never 


Fig. 2. Pilot plant for making solid propel- 
lont sheet. Drainage trenches and waste- 


collecting box shown in foreground. 


Table 1.—Selventiess Propellant Compositions of World War li 


Values in weight per cent. 


Russion 
JPN Cordite 
52.2 51.5 56.5 
13.25 13.25 12.2 
43.0 43.0 38.0 
110 
3.0 3.25 
06 
1.0 45 
1.25 
12 
0.1 
0.2 
0.02 0.02 


lb. lots in actual rockets before larger 
production could be considered. This 
obviously entailed greater cost. 


Experimental Propellant Manufacture 


The building at NOTS in which the propellant 
is made is constructed of heavy reinforced con- 
crete and contains three operating rooms, each 
with an adjoining bay from which the operation 
can be watched through a heavy gloss window. 
in the two rooms where liquid nitroglycerin is 
handled, the floors ond lower walls are lined 
with lead and sloped to a drainage trough. 
These drainage troughs lead to an external catch 
box which traps any nitroglycerin which might 
be washed off the floors of the operating rooms. 
These trenches and the catch box are shown in 
of lead-covered floors is 
standard construction for buildings in which ni- 
troglycerin is handled. 


Figure 2. The use 


The steps used in manufacturing the 
propellant are as follows: 


1. OBTAINING THE INGREDIENTS 


All the ingredients, nitro- 
glycerin, are easily obtained from com- 
mercial sources and can be stored safely. 


except 


Nitroglycerin, on a small scale, is ob- 


Fig. 3. Extraction columns and wash tonk 
for recovery of nitroglycerin from dynamite. 
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tained by batch extraction of nitro- 
from Kieselguhr dynamite, 
been found to be safe and 


glycerin 
which has 
convenient. 


This dynamite can be shipped by freight 
in 60% concentration, and the extraction 
of pure nitroglycerin is easily done with 
acetone. The extraction is accomplished 
by packing the dynamite loosely in alum- 
inum columns which are 32 in. high 
and § in. diam., allowing acetone to perco- 
late through the column and collecting it 
in a seamless copper container below the 


column. In a single extraction with a 
ratio of 1.5 lb. of acetone/lb. of 60% 
(nitroglycerin) dynamite, 95% nitroglyc 


erin in the dynamite is recovered yielding an 
acetone sclution containing 50-60 wt. % 
nitroglycerin. This solution is, for prac 
tical purposes, insensitive to shock, hence 
safe to handle. 

The acetone solution of nitroglycerin 
cannot be used directly in the manufacture 
of solventless double-base propellant be- 
cause of the great affinity of acetone for 
nitrocellulose; thus the nitroglycerin is 
removed from the acetone solution by the 
addition of water. In a 50 wt. % acetone- 
water solution at room temperature, nitro 
glycerin is soluble only to the extent of 
about 0.5%. This low solubility in water 
acetone plus nitroglycerin’s high sp.gr., 
1.60, permit easy separation of the nitro 
glycerin from the water-acetone solution 
After siphoning off the water-acetone, one 
additional water wash is necessary to 
reduce the acetone content in the nitro 
glycerin to a tolerable (less than 
3%). This remaining percentage is sub 
stantially removed during the subsequent 
slurry-mixing operation [ pon completion 
of the washing, the nitroglycerin is released 
through the bottom of the wash tank into 
a seamless copper vessel containing suf 
ficient methanol to make the nitroglycerin 
content of the resulting solution 50% 
or less. Such a solution is safe to handle 
and the solubility of methanol in nitro 
cellulose is sufficiently low that this 
solution can be used directly in the manu- 


levei 


$0 


facturing process without any effect at 
tributable to the methanol. Often the 
desensitizing agent, instead of being 
methanol, is the nonexplosive plasticizer 


which is to be used in the propellant 
formulation, for example, diethy! phthalate 
Figure 3 shows the apparatus used for ex- 
tracting nitroglycerin from Kieselguhr 
dynamite 


Fig. 5. General view of trench mortor 

sheet rolls as installed. Photoelectric unit 

can be seen above rolls in center of four 
sprinkler deluge heads. 
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Fig. 4. Slurry-mixing process in operation. 
The stirrer for agitation can be seen above 
mixing kettle 


2. MIXING THE CONTENTS 


The process used is a small-scale ver- 
sion of the slurry-mixing process used 
during World War II for 
rocket production 


double-base 


The process consists of slurrying mitro 
cellulose in water (water to nitrocellulose 
ratio 10 to 1 by weight) at 130° F. and 
adding the other water-insoluble ingred 
ients while vigorously agitating the slurry. 
After thorough mixing, the contents of the 
mixing tank are filtered by a vacuum filter 
Remaining on the filter is the nitrocellulose, 
plus absorbed plasticizer, stabilizer, and 
minor additives This is the propellant 
“paste” which is still fibrous in nature and 
after filtration contains abcut 30% mois- 
ture. The mixing facilities at NOTS per 
mit mixing of batches ranging in size 
from 1 to 10 Ib 


These mixing facilities are shown in 
Figure 4. As an 
precautions which must be taken with 


illustration of safety 
nitroglycerin, it is noted that traps con 
taining silica gel to collect water and 
nitroglycerin vapors are placed in the 
vacuum line to the paste filter to pre- 
vent any collection of nitroglycerin im 
the vacuum pump. As a further precau 
tion the fluid used in the pump is diocty! 
desensitizing 


phthalate, an effective 


agent for nitroglycerin 


3. DRYING AND AGING THE PASTE 


After filtering, the paste is placed in 
a 130° F a closed metal box 
for a 24-hr. aging period to permit the 
plasticizers tabilizer to diffuse 
throughout After 
aging, the bag of paste 1s removed from 
the box and tray-dried at 130° F. until 
reduced to about 


oven in 


and 
the nitrocellulose 


the moisture content ts 


12% 


Any water soluble ingredients 
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are added to the propellant paste at this 
stage. 


4. ROLLING PASTE TO FORM SHEETS 


The dried paste is rolled on an 8-in 
diam. differential-speed rolling mill. A 
general view of the rolls is given in 
Figure 5. This equipment was obtained 
from Radford Ordnance Works and | 
of the same model used during World 


War II to 
propellant. 


make trench mortar sheet 


Owing to the number of fires incident 
to this operation, several safety devices are 
including temperature 


sprinkler sy 


porated 
actuated valve for the 
a photoelectric actuating unit for the same 
system, and both 
stopping and reversing 
rolls. In addition, to draw oft 
duced in rolling as well as to 
spread of the flames im 
exhaust duct with powerful fan is imstalled 


stem 


manua ind 
devices tor the 


automat 


lumes pro 
reduce the 


case ol a fire, an 


in the ceiling 
The roll equipment can be operated 


the operator placing 
and then 


semiautomatically 
the paste charge on the roll 
leaving the room to conduct the actual 
rolling from a position behind a rein 
At the conclusion 
1 hydraulically operated 
heet 


forced concrete wall 
of the rolling 
“doctor” blade cuts the which ad 
front of roll. The 
sheet which is stripped from the roll 


heres to the 


jides down the brass chute shown in 
Figure 5 

The &-in. diam. roll mill which is used 
at NOTS produces a finished propellant 
whose properties closely resemble those 
of propellant produced on l4-in. diam 
production rolls. On the 8-in. mill, a 


| Ib. (moisture-free basis) charge is rolled 
at one time. Rolling is done at a mill 
temperature of 160 to 200° F., the average 
rolling time is 5 min., and the finished 


sheet propellant ranges from 0.025 to 0.040 
in. in thickness. Wattmeter measurements 
indicate that the energy required to 
vert | lb. (mornsture-tree fibrous 
paste with 30% moisture to | Ib. of well 
colloided sheet with 0.3% moisture is about 
O15 kw.-he This requirement of course 
varies from composition to composition 
and the value given is for a typical service 
propellant 


con 


basis) 


5. EXTRUDING ROLLED SHEETS 


The differential-mill sheet propellant 


is formed into specimens suitable for 


mechanical and ballistic tests by extru 
sion. Two sizes of presses are u ed tor 
extrusion, the larger having a barrel 


diameter of 3 in. and the smaller a 


barrel diameter of 1 in. They are hy 
draulically powered piston presses 
mounted in a vertical plane. The press 


barrels, in which the propellant is 
placed, are heated with oil, 130° F. be 
The air can be evacu 
before the 


the propellant 


ing the average 


ated from the press barrel 


ram begins to extrude 
through the die and in this way inclusion 
of air in the extruded shape is avoided 


Figure 6 shows the 1-in. extrusion press. 
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processes 


The l-in. press is used to extrude small 


strands of about 1/10 to % in. diam., and 
the 3-in. press to extrude sections ranging 
tron to 1% m. diam with suitable 


die assemblies still larger diameter sections 
extruded with the 3-in The 
which it is necessary to apply to 
extrude double 
1.000 to 10,000 

composition, 


can ix press 
pressure 
ram-head to 
hase propellant, varies trom 
Ib./squin depending upon 
temperature, shape of product, and extru 


the press 


rate 


Chemical Analysis and Stability Tests 
The first and the most direct control 


on the process | the chemical analysis 


Unfortunately, the analysis of propellant 
is difficult and not so accurate as desired, 


hence other types of controls must also 


be utilized 


accurate test is the 
isothermal 
internal energy (AE, «) 
propellant burns in an inert 
either helium 


Another 
heat ol 
change 


imple 
iochorn 
ontent 


plosion, the 


when the 
atmosphere ot mtrogen of 
The heat of « xplosion is measured by init 
comminuted propellant specimen in 
surized 
nitrogen 
x plosion ol pro 
and using 
values knowing the 
propellant, can 
over-all heat of ex 
within 2 to 5% 
Thus by com 
explosion of 


mg a 
a standard calorimeter which is pre 
with helium of 

Values for the heats of 
pellant ingredients 
partial 

composition of the 
compute quickly an 
plosion which will 
of the experimental value 

measured heat of 


oxygen-tree 


are available 


these as and 


one 


paring the 


a propellant with the value computed on 
the basis of chemical analysis one is able 
to obtain an over-all check on the accuracy 
of the chemical analysis 


Chem al tability as measured by the 
Taliani test (7, 3) 18 


in development work because all 


of primary interest 
new 
propellant ingredients must be shown a: 
chemically compatible with the other in 
they are incorporated 


gredients before 


into formulations \ further aspect ot 
the measurement of the gas produced by 
is the 


measurement to the number 


using the Taliani apparatu rela 
tion of thi 
of days a propellant grain can be held 


at elevated temperature before cracking 


Fig. 6. Jin. extrusion press shown being 
loaded with ram in upper position 


of the grain results from the internal 
production of gas. 


The Taliani apparatus consists of a small, 
closed sample tube containing finely divided 
propellant under nitrogen, or for some tests, 
air at atmospheric pressure. The test 
measures the change in pressure with time 
within the sample tube under conditions 
of 110°C. and constant volume. Typical 
results for two propellants are shown in 
Figure 7. Results of this test indicate 
how fast the propellant decomposes at an 
extreme temperature and are interpreted 
to show relative chemical stability at ser- 
vice temperatures. The Taliani test is not 
the only test of chemical stability which 
is used but it is a most important one 
because of its simplicity, speed, and good 
reliability 


Mechanical and Ballistic Tests 


For the double-base propellant investi- 
gator, the most important test affecting 
the ballistic 
because 


the use of the propellant is 


evaluation. This is partly $0 


many of the other properties can be rea 
sonably predicted in advance 


The basic test used is measurement of 
the rate of burning of a 3/32-in.-diam 
strand, burned cigarette fashion in an at- 
mosphere of nitrogen at the temperature 
and pressure of interest. The equipment is 
shown in Figure 8, and is a modified ver 
sion of that described by Crawford, et al. 
(2). The sample, which is coated with a 
flame retardant, can be seen monated on a 
rack suspended from the heavy closure 
plug. Four fuse wires are inserted into 
the tiny strands at accurately measured 
distances, During the period of burning of 
the strand, these fuse wires melt in se 
quence, the melting of the first wire caus- 
ing the three clocks to start; thereafter, 
the clocks are stopped in sequence as the 
remaining wires are melted through in 
their respective order. The burning rate 
over each of the three intervals then can 
be calculated. The volume of the strand 
bomb is sufficiently large so that the pres- 
sure stays nearly constant during the run 


Fig. 7. Typical pressures measured over a 


period of time in Taliani apparatus 
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After the ballistic evaluation and with 
the assumption that the chemical and 
stability characteristics are reasonable, 
the next point of interest is the strength 
of the propellant. This is evaluated from 
different points of view, such as tensile 
strength, compressive strength 
value, and strength. From a 
theoretical all tests of 
this type resolve themselves into com 
binations of two basi shear 
and No mechanical 
strength measurement suffices to char 


impact 
torsion 
point of view, 

strengths 
tensile single 
acterize the behavior of a propellant in 
a rocket motor of the 
mously complex stress system to which 
a rocket grain is subjected. 


because enor 


For example, the piece of nitrocellulose 
plastic (rocket propellant grain) must 
stand up structurally over a temperature 


range as wide as —65 to 4+-165° F. when 
subjected to applications of stress which 
sometimes approaches a rate of 500,000 
Ib. /sq.in./sec Because of the almost in 


surmountable technical difficulties in attain- 
ing tensile stresses of this magnitude, ten- 
sile strength is commonly measured at 
low rates of loading over a wide tempera- 
ture range. This test is considered most 
important in characterizing the mechanical 
suitability of propellant The tensile 
strength of a typical propellant at 70° F. 
and at a low rate of stress application is 
about 800 Ib./sq.in 


Process Control 


Careful observation of the propellant 
ingredients and paste during the various 
operations at the laboratory stage yields 
valuable and applicable information on 
the probable behavior of the ingredients 
under larger pilot plant and even pro 
duction conditions. Variations of addi 
tional techniques under controlled con 
ditions the 
processing and the resulting propellant 


are studied in relation to 


Fig. 8. Burning-rate equipment for strand 
tests shown with mounted sample ready for 
insertion at right and three measuring clocks 
in middle. Nitrogen pressure used is reg- 
istered on dial below clocks. 


properties. For exampie, one may con- 
sid.r the addition of a water-insoluble 
but highly colored solid to the slurry. 
This may be added to the slurry water 
following the nitrocellulose, in which 
case it has to be ground very fine to 
get adequate distribution, or it may be 
dissolved in the plasticizers and used as 
an indicator of the uniformity of dis- 
tribution of the plasticizer in the slurry 

The rolling operation is a critical pro- 
duction operation because of the labor, 
power consumption, and capital invest- 
ment required. A paste must adhere to 
the differential speed rolls, must form 
a strong, well-colloided sheet, and must 
have a minimum tendency to fire on the 
rolls. Study of these characteristics on 
the 8-in. laboratory rolls at various 
conditions of rolling time and tempera- 
ture gives an production 
rollability 

The extrusion step is the last, but not 
least, important step of manutas turabil 
ity to be considered. On a 


estimate ol 


small scale, 
the conditions can be readily varied over 
a much wider range than that practicable 
Dies can be 
such as 
various 


with production equipment 


made for a specific purpose 


determining extrudability of 


With 


equipment 


grain shapes. newly developed 
propellant 
the 


press barrel can be readily extruded. 


techniques and 


grains approaching the diameter of 


This permits the testing of new formula 
tions in typical rocket motors at an early 


stage of propellant development 


In conclusion then, it can be stated 
that the value of the small-scale pro- 
pellant development facility just de- 
scribed lies in the ability of its users 


to predict reliability and fairly 


sively the large-scale producibility and 


inexpen 


performance of a variety of new double 
base rocket propellants 
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he separation of solids from liquids 
and the separation of immiscible liq- 
settling have been 
Basic prin- 
ciples have studied and various 
laws enunciated to describe 

that 


ettling. It is 
droplets 


uids by gravity 


utilized since ancient times 
beer 
scientific 
the rates ot known 
particles of solids in liquids or 

f settle at 


ot liquid rates, 
primarily upon 


will definite 
their density, 


and the 


deper ding 
} ipe ol the particles, 
viscosity of the surrounding media. 
When centrifugal force is substituted 
process may be 
we efficient, but 
many basic laws still are applicable. 


size and 


for gravity settling, the 


speeded up and made mr 


Suppose a dirty liquid is fed into a gravity- 
settling tank ot o rate thet passes it from the 
inlet through the outlet in 1 hr. If the tank 
is 3 ft. deep, all which settle more 
then 3 ft. in 1 hr bottom 
whereas particles settling less 
with the 


particles 
would settle to th 
and be cought 
than 3 ft./hr 
Suppose then that the gravity-settling 
parti. 
tions are ploced every half foot to allow access 


would be swept out 
liquid 


tonk is rebuilt and horizontal plates or 


for the feed and the effluent to each plate. At 
the some rate then, this settling tank would 
catch particles settling at the rate of 3 ft./hr. 
but it would also catch slower particles settling 
This is the basic 
principle of thin strata distribution 


ot rates down to ‘4 ft./hr 


if gravity separation is replaced by centrif 
ugal force, the basic settling tank as illustrated 
in Figure 1A now becomes a crude seporator 
bow! 


now becomes a crude disc-type purifier bowl 


By placing partitions in this separator, it 
(Figure 18). In the description of the settling 
tank, partitions with 6-in. spacings were used. In 
the modern-type centrifuge bowl, the discs or 
placed 30/1000 to 
efficient 


In the open-dise separator the feed 


partitions ore vusually 


50/1000 in 


separation 


aport for and rapid 
material enters the bow! through the feed tube 
at the top ond poses to the bottom of the 
bow! distributed 
holes in the discs. Particles of dirt 
through oa film of liquid usually only 50/1000 in 


in thickness 


where it is upward through 


travel 


the space between two discs) be- 


fore lodging on the collecting surfaces. 


The Hermetu 
separator has all the advantages of 
thin 
and, in addition, operates under positive 
Its basi illus- 
trated in Figure 2. The material 
bottom imto the 
the 


separ itor ofr pressure 
the 
with trata distribution 


dise bowl 


pressure. features are 
feed 
enters at the passing 
rotating spindle and upward into 
separating bowl 

The light and heavy phases are dis- 
charged pressure at the top 


through separate seals into pipes which 


under 


carry the separated phases to further 
processing or to storage tanks. By em- 
ploying efficient mechanical seals at the 
inlet and than 
150 Ib./sq.in. have been used during 
centrifugal operation. 

It has been known for some 


outlets, pressures more 


time that 


Vol. 52, No. 2 


Fig. 1-A. Basic settling tank used 
as crude seporator bow! 


Fig. 1-8. Adaition of partitions 
makes separator o crude disc-type 


purifier bow! 


THE HERMETIC CENTRIFUGAL 


Frank E. Sullivan 


the longer the materials are held under 
lorce the 


Increase in 


centriiugal greater the degree 


ot eparation holding 


time may be accomplished by in 


creasing the dimensions of the sepa 


rator or | ! ing the through 


put rate or nore practi ally hy 


using more di with a ang le 
From the principle of thin-strata distr 
known that 


the discs lead to more 


tee pt 


bution, it is also mallet 
pac ings betwee! 
ethcient 


pressure on the liquids the 


separation. Owing to positive 
designe 

the Hermetic take ad 
both these facts and 


with 


separator may 
vantage ot there 


fore may design steep angle dis 


and also small-disc spacings, usually 
only 30/1000 in. In 


dis« 


open 
this 


epat ator 


when pacings ot order ot 
magnitude are employed, only extremely 
low-viscosity liquids may be treated, a 
the pressure drop between discs from 


due to viscosity become the 
primary factor 
An example of the effect of viscosity 


has been found in the field of vegetable 


Iricthhion 


oil processing. During the water de- 


gumming of sovbean oil, phosphatides 


or commercial lecithin are precipitated 


from the oil by hydration, The gums 


can be separated continuously from the 
oil by centrifugal separators to give an 
extremely viscous product (2) 


When open-disc-type separators are 


employed, a gum product usually is ob 


tained which when analyzed contain 


65% acetone insoluble (gums) and 35% 


free oil on a dry basis (3) Any at 


tempt to concentrate to a much higher 


gum content, and thereby less oil, 
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The De Laval Separator Company, Poughkeepsie, New York 


plugging the 
hard 


hort period ot operation 


usually resulted im sepa 


With 
eparator on the 


commercial 


rator bowl with viscous, 
alter a 
the Hermetic pressure 

pro m a plant 
ot 80% 
20% oil on a dry basi ire 


The of 


trituge is 


gum acetone insoluble and only 
produced 


erating iniet pressure to the cen 
100 Ib 


generally q.in, and 


is primarily utilhzed vercome the 
pressure drop due to friction trom the 


(4) 


the pressure in the separator bowl, the 


viscous gum discharge Because of 


bow! does not become plugged by the 
material. A hown, the 


efficiency of the 


high viscosity 


increased Hlermeti 


eparator on thi proce result oa 


reductiot of the tree ol from 35% 


down to 20% or a decrease of 43% 


In another vegetable oil process, 


namely soda ; refining, the Hermetic 


eparator replacing the open 


type-dise centrifuges have hown sun 


lar savings in free oil content in the 
soap The ne 
Hermet 


reductiot in 


reased efficiency of the 


pressure separator is apparent 
iree oil content of 


to 50%, 


when 


oap and gums range from 


when compared to the open-disc-type 


separator 


The Hermetic separator with its back pressure 
control valve on the light liquid discharge gives 
The beck 
pressure valve provides a means of adjusting the 


a feature long desired in centrifuges 


zone of seporation between the light and heevy 
phases while the seporator is operating. In the 
conventional open separator, the rone is varied 
by means of discharge rings located at the top 
of the bowl, In order to adjust the zone, the 
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separator hos to be stopped and the ring re- 
placed with one of a different diameter. The 
Hermetic seporator easily accomplishes this 
change in zone diameter by means of a simple 
calibrated valve located at the light phase ovt- 
let and can be varied while operating. An 
increase in bock pressure on the outlet fivid 
moves the zone ovtword; a decrease in pres 
sure moves the zone in, thereby accomplishing 
the same purpose as discharge rings. 


When one operates an open separator, 
the selection of the proper discharge 
ring is of utmost importance. When 
low viscosity liquids are being separated 
such as oil and water, the discharge ring 
necessary to give the desired neutral 
zone or balance circle may be calculated 
from the following formula (5). 


2 
Dy ( 7] 
l— pp 


where 
Dy = diameter of the balance circle 
or zone of separation, milli- 
meters 
I.D. of discharge ring (heavy 
liquid discharge diameter ) 
== diameter of light liquid dis- 
charge 
ratio of light liquid density to 
that of the heavy. 


The same zone may be obtained in 
the Hermetic separator by applying 
back pressure on the light phase outlet. 
In a similar manner the necessary back 
pressure may be calculated. By the use 
of the balance circle formula, the diam 
eter of the zone of separation may be 
calculated at zero back pressure. The 
pressure for the zone at zero back pres- 
sure and the pressure for the separating 
zone desired is then calculated by using 
the equation for hydraulic pressure 
within a revolving bowl. Actually, the 
change in pressure required to move 
the zone from one diameter to another 
may be calculated more directly by 
equating the two and solving for AP, 
thus 
AP = 1,98 x 10~-1°(D,? — D,?) 
(pu ~ pr) 
where 


AP = 


(1) 


back pressure on the light liq- 
uid outlet 

desired balance circle diameter, 
millimeters 

calculated balance circle diam- 
eter at zero back pressure 

N = bowl speed, rev./min. 

py and 

pr = densities of the heavy and the 
light liquid respectively. 


Due to the many advantages asso- 
ciated with this closed-pressure con- 
struction, the Hermetic separator has 
been utilized widely in the industrial 
field. Figure 3 illustrates a conven- 
tional open-dise-type centrifuge and, 
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Fig. 2. Basic features of Hermetic 
separator. 


for comparison, illustrates the Hermetic 
pressure joth units are of 
equal capacity. The Hermetic separator 
operates as a part of the piping system, 
as the inlet; the high-speed re- 
volving bowl and the outlets are all 
under operating pressure and form a 
completely closed continuous unit. Since 
the centrifuge including the separator 
bowl operates under pressure, the prob- 
lem of cleaning has been vastly simpli 
fied. It is now possible to back-flush 
the separator bowl by injecting water, 
a detergent solution, or a solvent into 
the light phase outlet and pressure-flush 
the discs and bow] wall. The fiush solu 
tion enters at the center outlet and 
flushes downward off each dise and out 
the heavy phase outlet. In this manner 
the bowl may be cleaned in a few min- 
utes without stopping or dismantling the 
separator. By comparison the open 
had to be stopped, the covers 
and the bowl opened for a 
thorough manual washing operation. 
There are not only the time- and labor- 
saving advantages with the back-flush 
cleaning but also a gain in productive 
capacity due to less downtime. 


separator. 


feed 


separator 
removed, 


Fig. 3. A conventional open-disc-type 
centrifuge compored with the Hermetic 
separator 
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One of the first fields of the indus- 
trial application of the separator was 
the vegetable oil industry. Owing to 
the high efficiency of the Hermetic 
separator, the normal operation of re- 
fining and degumming became more 
efficient and resulted in higher oil yields 
for the processor. Since the Hermetic 
centrifuge operates with pressure within 
the centrifugal bowl, the more viscous 
soap and gums obtained by the higher 
efficiency can be discharged easily. It 
was found that a new approach to soda 
ash refining was now possible, in that 
a soda ash solution could be reacted 
with the oil and separated without the 
usual dehydration or gas-removal step. 
Due to the operating pressure on the 
system, carbon dioxide gas was not 
given off during the reaction, and sepa- 
ration could take place under pressure 
without gasification. 

Because of the closed pressurized 
bowl, the Hermetic separator does not 
aerate material when entering the 
separator or when discharging. It is 
found that certain industrial oils, which 
are readily emulsified when agitated, can 
be separated from their reaction prod- 
ucts in the Hermetic separator whereas 
in the open separator, separation was 
impossible. 

Inflammable 
hols, light hydrocarbons, and the like 
can be separated safely and economi- 
cally with the Hermetic separator under 
pressure. Such materials as viscous 
cellulose acetate dissolved in solvent, 
can be clarified and due to the extreme 
viscosity of such substances, at least 
150 Ib./sq.in. are required to overcome 
frictional pressure drops in the separa- 
tor bowl. An advantage of operating 
under these pressures is the lack of 
solvent loss due to flashing. 

Corrosive substances can be handled 


solvents, such as alco- 


more advantageously, as aeration, a defi- 


nite factor in most corrosion, is now 
eliminated. This lack of aeration, cou- 
pled with the new noncorrosive metals 
on the present-day market offer many 
new uses for centrifugal separation. 
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NEW MILITARY SERVICE 


REGULATIONS GIVE ENGINEERS 


POSSIBLE RESERVE STATUS 


if you—or men in your employ—are 1-A with 
the draft boord and believe deferment is un- 
likely, the steps which can be token to shorten 
the period of necessary active military troining 
to 3-6 months are outlined in the following digest 
of the new Executive Orders pertaining to tech- 
nologists and scientists 

(The following is C.E.P.'s digested version of 
the orders. For details, consult an official copy, 
or Engineering & Scientific Manpower Newsletter, 
No. 88, 1-18-56, published by Engineers Joint 
Council, 29 W. 39 St., New York 18, N. Y.) 


Executive Order 10650—Selection of 
persons with critical skills for the Ready 
Reserve. 


Section 1680.1 

(a) Local boords are authorized to so select 
for the Ready Reserve registrants meeting con- 
ditions described below. Selectees enlist in a 
three to six months active duty training program. 

(b) Local boards and appeal boards shall be 
guided by the then current lists of critical occu- 
pations issued by the Sec. of Labor, and of 
essential activities issued by the Sec. of Com 


Authority of local boards. 


With the cold 
tinuing race for technological superior 
ity, the latest phase ot east-west tension 


war ftorcing a con 


will achieve 
first Last 
a major step to- 


is concentrated on who 
intercontinental missiles 
month the U.S. took 
ward recognizing the need to free skilled 
technologists and scientists from lengthy 
military assignments unrelated to their 
The 
President, on January 6th, signed two 
for the first 
history, actually 


by which gifted 


specialized abilities and training 


Executive Orders which 
time in the 


spell out the procedure 


nation’s 


young engineers and scientists may be 
kept on the job as 
Having nothing to do with the regular 


civilians 


induction or occupational deferment 
policies and procedures (which are ad- 
mittedly taking fewer and fewer simply 
because current military needs are less), 


the new regulations take over when the 


President signs Executive Orders implementing Public 
Law 305... EJC Panel meeting hears Hershey, Dar- 
gusch explain how technologists may get into Ready 
and Standby Reserves, eliminating lengthy service. 


merce, as modified by the Dir. Office Defense 


Mobilization. List as of 16-56 included 


Critical Occupations 

Engineer draftsman, design 

Engineer, professional (ali branches) 
sional” meaning 8.5. degree os minimum) 

Teacher, college and vocational (critical occu- 
pations only) 


Profes 


Critical Activities 

3. Ordnance. Production and maintenance of 
weapons (including nuclear weapons and guided 
missiles) and component ports 

6. Production of chemical and allied products 
Production of materials specifically used in pro 
pellants for launched or guided missiles, air 
craft, armament rockets, and similar weapons, os 
well as the processing of the materials into pro 
pellants, exclusive of conventional fuels. Produc- 
tion of high temperature resins and other chemi 
cals used specifically in the production of 
launched or guided missiles, aircraft, armament 
rockets, and similar weapons 

7. Woter & sewerage systems, operation of 

9. Educational services. Colleges and voce 
tional schools 


man is 1-A, and his appeal period has 


run out. Thus their major effect will be 
insurance to 


institutions should the cold war heat-up 


industry and educational 
and induction quotas rise 

Chief disadvantage of the new regula 
that the truly badly 
needed person still has to be away from 
month 
Many 
persons having great concern for our 
national including leaders in 
the feel that 
this represents a gamble our nation can 
ill afford 

To quote General Dargusch 
Director for Manpower of ODM 
dealing with manpower and other mo 


tions 18 gifted 


employment for a three-to-six 
period of military field training 


security, 


engineering protes 1oOns, 


Asst 


bilization problems, we should remember 
that the course of the government must 
the 
In this light 


our 


have genet il approval ot peo 


ple.’ we of the engineer 


At Engineers Joint Council panel discussion 
NYC, January 26) on “Reserve Forces Act 

of 1955." A. W. Davison (Member A.1Ch.£.), 
chairman of £.J.C.'s Engineering Manpower 
Commission, G. Bailey (Member ASME), 
and Brig. Gen. Carlton S$. Dargusch, 

asst. director for manpower, Office of 
Defense Mobilization 


Also at EJC panel meeting, attended by 
neorly 500 industriolists and educetors, 
Major Gen. Lewis 6. Hershey, 

Selective Service System, answering questions 
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director of 


10. Research & development services. Basic 
and applied research, exploration and develop 
ment projects, including process development, of 
direct concern to the national health, safety, or 
interest 


Section 1580.2-—Request by registrant 

(a) Any registrant who believes he hos the 
quolifications described below ond whe 
is class 1A may, if an appeal is not pending 
in his cose ond the period during which an 
appeal may be taken has expired, file a written 
request with his local board that he be selected 
for enlistment in a unit of the Ready Reserve 

b) The request filed by the registrant shall 
be accompanied by (!) o certificate of the regis 
trant and his employer to the effect that the 
registrant hes a critical skill which is being 
utilized in a critical defense-supporting industry 
or in a research activity offecting national de 
fense, (2) evidence thet the registrant hes 
demonstrated by his academic of employment 
record, or both, that he has the capacity for 
and gives promise of performing the duties of 
the occupation requiring such skill with a high 
degree of competence, productivity, of creativity, 


(Continued on page 58) 


well feel that 
these 


ing prote ons May very 


we have come a long way with 


new regulations 
Advantages of the regulations are sev 


eral 


A practical one is that once re 
quest for permission to enlist in a unit 
of the Ready received by the 
local (draft) board, all action on proc 
essing for Teach 
ing is recognized as a critical occupa 
While many phases of the chemi 


Reserve | 


induction is stopped 
tion 


cal process industries’ functions are not 


rated on the current lists as occupations 
worthy of keeping one from induction, 
research and development activities are 
Thus, if 


in chemical engineer 


regarded in a broader sense 
aman with a B.S 
ing 
ment 


meets certain aptitude and employ 


requirements and can prove his 


work has to do with the extension and/ 


or improvement of processing technol 


may well be on safe ground 


ory he 
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TIME TO PLAN YOUR FIRM’S ENTRY INTO 
NUCLEAR FUEL PROCESSING 


New AEC policy encourages pri- 
vate industry to get in nuclear 


fuel processing by opening in- 
formation channels, underwriting, 
to a certain extent, the cost of 
initial operation. 

Concrete proposals will be ac- 
cepted in from 12 to 18 months. 


Two practical policies are at the heart 
of the new program to foster a private 
chemical nuclear fuel processing indus- 
try. 

1) AEC will make available its 
knowledge and experience in the tech- 
nology of chemical processing to any 
interested firm. 

2) Limited amounts of certain irrad- 
iated fuel materials from AEC reactors 
will be offered to private processing 
companies, 

The first part of the program got off 
to a flying start at the recent Idaho Falls 
meeting (see below). 


The second part is to heip industry 
get started by underwriting the plants 
that are going to be needed in what 
is the largest area opened up to the 
chemical industry by AEC, but it can- 
not be hurried. A large capital invest- 
ment will be involved, prior to a well- 
defined pattern of anticipated return. 


Proposals—And Evaluation 


AEC will invite proposals some 12 to 
18 months from now from firms inter- 
ested in the program. The companies 
will be expected to present their pro- 
posals for design, construction and ope- 
ration of chemical processing plants 
capable of processing one or more of 
the fuel types to be employed in pro- 
jected licensed power reactors, plus lim- 
ited quantities of AEC irradiated mate- 
rials. If a firm does not propose to 
process any AEC material a contract 


IDAHO FALLS MEETING INITIATES 
AEC INFORMATION POLICY 


Power Reactor Fuel Processing Sym- 
posium, January 18-20, details technol- 
ogy to industry. Unclassified gist of 
classified program on permit 
basis, presented to representatives of 
some 100 industrial firms*: 


AEC Policy, Davis & Robinson, AEC. 

Canadian Fuel Pr ing, Campbell, 
of Canada. 

Basic Processing Principles, Lowroski & Leven- 
son, Argonne. 

Present Facilities, (a) Buckhom, Phillips, (b) 
Platt, Hanford. 

Fuel Cooling and Storage, Uliman & Arnold, 
ORNL. 

Fuel Shipping Costs, Ayers, Phillips. 

Fuel Throughput, Slanksy, Phillips. 

Fuel Composition, McVey, Phillips. 

Conversion of Solvent Extraction Product to 
Metal, Runion, National Lead. 

Fission Products Compared to Other Sources 
of Radiation Power, Manowitz, Brookhaven. 

Fission Product Processing, Rupp, ORNL. 

Recovery of Zir & Niobi Consiglio, 
Knolls. 

Waste Handling Methods and Costs in Solvent 
Extraction Processes, Rodger, Argonne. 

High Enrichment Fuels, Warzel, Phillips. 

Low Enrichment and Blanket Materials, Platt, 
Hanford. 

New Fuel Processing Procedures for Solvent 
Extraction, Blanco, ORNL. 

Headend, lailend, and Solvent 
Alter & Davidson, Knolls. 

Conversion of Nitrate Salts to Fluoride, 
Rodger, Argonne. 

improved Waste Treating Methods, Burgus & 
Grimmett, Phillips. 

Homogeneous Fuel Processing, Unger, ORNL. 


access 


A. €. 


Extraction, 
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Fluoride Volatility Processes, Vogel, Argonne. 

Pyrometallurgical Processing, Feder, Argonne. 

Liquid Metal Extraction, Doone, Ames. 

Fused Salt Extraction and Plutonium Volatility, 
Motta & Mattern, North American. 

Oxidative Slagging, Feder, Argonne. 

Liquid Metal Fuel Reactor Pr ing, M itz 
& Dwyer, Brookhaven. 

Fast Reactor Processing Problem, Stanford, 
Atomic Power Devel. Assoc. 

Electrorefining & Halide Volatility Processes, 
Niedrach, Knolls. 

idealized Single Purpose Separations Plant, 
Ludlow, Hanford. 

Multipurpose Reactor Fuel Processing Plont, 
Uliman, ORNL. 

Supporting Analytical Facilities, Brouns, Han- 
ford. 

Summary of Meeting, Stevenson, Phillips. 


* Alco Prod., Allied Chem., A.M.F., American- 
Standard, Anaconda, Atlantic Refining, Atomic 
Power Devi. Assoc., B. & W., Baker & Co., 
J. Baker, Batelle, Bethlehem, Blaw-Knox, 
Chem. Assoc., Chrysler, Cook Electric, Crane, 
Day & Zimmermann, Daystrom, Dorr-Oliver, 
Dow, DuPont, Food Machinery, Foote, Ford, 
Foster Wheeler, GE, General Dynamics, Good- 
rich, Gray Chemical, Hercules, lonics, Kaiser 
Eng., Kerr McGee Oil, Koppers, Leeds & 
Northrup, Lithium Corp., A. D. Little, Lummus, 
Metals & Controls, Minneapolis-Honeywell, 
Monsanto, National Lead, National Research, 
North American Aviation, Nuclear Devel. Corp., 
R. M. Parsons, Pennsalt, Pfaudier, Pioneer 
Service & Eng., Spencer Chemical, Standard 
Oil, Stanford Research, Stearns-Roger, Stone & 
Webster, Sylvania, Union Carbide, U. S. Rubber, 
U. S. Steel, Vitro, Westinghouse, and others 
including 17 utilities. 
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proposal will not be necessary, but a li- 
cense to construct and operate will be 
needed from AEC. 

Evaluation of the proposals made by 
industry will be based on certain general 
criteria. Advancement of the art will 
include the economics of the proposed 
plant, its versatility, and the develop- 
ment program to be conducted before 
and after plant start-up. Prices for proc- 
essing AEC fuels will be evaluated 
against all other proposals, and against 
the cost of performing the same services 
in AEC facilities, to determine fair 
value. At present AEC considers that a 
rough, somewhat arbitrary, price target 
is about 4% to 1 mill/kwh. Other factors 
being equal, AEC will show some pre- 
ference for plants with early start-up 
dates, 

Since efficient and economical waste 
disposal is one of the principal long- 
range goals of the whole chemical 
separations development program, the 
manner in which this problem will be 
handled is a major consideration. 


Concrete Evidence 


Finally, AEC asks concrete evidence 
that the firm making the proposal can 
make satisfactory arrangements to proc- 
ess fuels from private reactors (no pro- 
posal will be considered which does not 
involve processing fuel from at least one 
licensed power reactor), and that assur- 
ance can be given that the project will 
not be abandoned. 

On the basis of its evaluation, AEC 
may select one or more of the proposals, 
or may reject all if none seems satis- 
factory. 

A 4% inventory charge will be in 
effect on AEC material from the time 
it is diverted from AEC channels until 
it is returned, except under special con- 
ditions. It is possible that fuels from 
military reactors will be available for 
private processing. 

As a definite policy, responsibility for 
disposal of radioactive wastes is com- 
pletely on the shoulders of the private 
firm, even if the facility should be lo- 
cated on AEC property. 

Although still being studied pending 
final issuance, the general policy on 
patents involved is that AEC waives its 
rights to inventions or discoveries made 
as a result of access to Confidential- 
Restricted data, and its rights to all in- 
ventions and discoveries made as a re- 
sult of access to Secret Restricted Data, 
except that in the latter case AEC main- 
tains an irrevocable, royalty-free, non- 
exclusive license for use by the Govern- 
ment. 

All in all, the new program is a major 
forward step in the building of a chemi- 
cal fuel processing industry in this 
country. 
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TURBO-MIXER 


TURBO-MIXER, c division of 
GENERAL AMERICAN TRANSPORTATION CORPORATION 


7000 CUBIC FEET 


3200 CUBIC FEET 


1000 cubic feet of gas 


dispersed in If absorption of gas into liquid is your problem, put 
Turbo to work. Turbo Gas Absorbers handle up to 
7000 cfm with proved operation, They are available 


3200 cubic feet of Viquid is siccr up mechanical gas 


absorbers in operation. What's more, only Turbos 


ith TURBO n th iob can be designed to self-induce gas into the liquid. 
Wi 0 e J Turbos can solve your agitation problems, whether 


your business is petroleum processing, chemicals, 


pharmaceuticals or minerals beneficiation. Turbo's 


built-in ruggedness that provides continuous 24-hour 


heavy-duty service assures you of “headache-free”’ 


production and lower costs in the long run. 


SALES OFFICE: 380 MADISON AVENUE, NEW YORK 17, NEW YORK 
General Offices: 135 S. La Salle St., Chicago 90, Illinois + Offices in all principal cities 


OTHER GENERAL AMERICAN EQUIPMENT: —DRYERS DEWATERERS 
TOWERS + TANKS + PRESSURE VESSELS 
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INDUSTRIAL NEWS 


A new pilot plant installation for 
the production of shale oil by the 
Swedish Aspeco process is now 
in the works. 


Under a $250,000 initial contract, Den- 
ver Research Institute will construct a 
24 ton/day pilot plant for Oil Shale 
Corp., Beverly Hills, Cal., to 
Colorado oil shale by the Aspeco process 
developed by Aspegren and Co., Stock 
holm, and licensed to Oil Shale Corp. 

Many advantages are claimed for the 
Swedish process, among them being a 
high throughput rate, and an off-gas of 
high B.t.u, suitable for pipeline 
transmission, 

The Aspeco process (see flow sheet) 
consists of two horizontal, rotating kilns, 
one of which acts as a retort for heating 


process 


value 


raw shale to pyrolysis temperatures, and 


the other which acts as a heat ex- 
changer and combustion furnace for 
burning off carbon from spent shale 
In each kiln, properly sized crushed 
shale flows countercurrent to closely- 
sized steel balls. Heat transfer thus 
occurs through solids-solids contact, the 
ball material being the heat transfer 
medium, 

In the “pyrolysis drum” heated balls 


(1,000° F.) and cold crushed shale en- 
ter opposite ends of the kiln and flow 
in countercurrent contact. The spent 
shale, containing residual carbon, leaves 


the kiln at about 900° F., the cooled 
balls exit from the opposite end at 
250° I 


AWARD FOR BEST 
PRESENTATION AT DETROIT 


John E. Powers, now at Univ. of 
Oklahoma, wm the prize for the 
best presentation of a paper at the 


Detroit meeting with his extemporan- 
eous talk on the Separation of Liquids 
by Thermal Diffusion. Speaking with- 
out notes, Powers gave a clear presen- 
tation of a most difficult subject in a 
light, humorous vein, using many slides 
of excellent quality 

Presented by a Subcommittee of the 
Program Committee, headed by 7. Louis 
York, the award is made on the basis of 
clarity in relation to difficulty, ease of 
presentation, knowledge of subject, how 
the speaker handles the questioning ses- 
naturalness 
use of aids to understanding. 

Powers filled the bill very nearly to 
perfection in the opinion of the subcom 
mittee, which had 2 
to each talk 


sion, general presentation, 


or 3 men listening 
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These two streams are recontacted, 
again in countercurrent fashion, in the 
combustion kiln (ball heating drum). 
The spent shale, containing 4% carbon, 


entering at 900° F., the cooled balls at 


250° F. Air is introduced and the spent 
Shale 4 77°F Geses-29 los 
2000 lbe/hr 725 


Shele O11 
pent 
Cool Shele 
Belle Bells, 1090°F 
250°F lbe 6090-8900 lbe/hr 


Prehested Air 
590°F 


Comb. 
Gases 
900°F 
1749 lbe/hr 
400°F 


Ash, 


Comb. Air 77°F, 
590°F 720 ibe/hr 


Flow chart of Swedish shale-oil process. 


carbon burned off the shale. The balls 
are thus reheated and discharged again 
at 1,000° F. for recycling to the pyroly- 
sis kiln. If required, a side-stream of 
oil-denuded off-gases from the upper 
kiln may be used to supplement the ball- 
heating requirements in the lower kiln. 
A gas-fed ball heating tower is provided 
for start up. 


SWEDISH PROCESS USED IN NEW SHALE OIL PILOT PLANT 


NEW PROCESS FOR PICKLE 
LIQUOR PROBLEM 


Seven major steel companies join 
Blaw-Knox in attack on the treat- 
ment of waste pickling liquors 
with new semi-commercial plant. 


The perennial problem of treating and 
disposing of waste pickling liquors from 
steel operations may have a practical 
solution soon when results are in from 
the building and operation of a demon- 
stration plant using a new process. 

The plant, to be engineered, con- 
structed and operated by Blaw-Knox’s 
Chemical Plants Division, is co-spon- 
sored by Jones and Laughlin, National 
Steel, Pittsburgh Steel, Republic Steel, 
U. S. Steel, Wheeling Steel, and 
Youngstown Sheet and Tube. 

A semi-commercial unit, rated at 650 
tons of sulfuric acid per year, the plant 
will be built at Republic's Niles, O., 
will process spent acids from the com- 
pany’s works there, Crux of the opera- 
the Blaw-Knox Ruthner 
process designed to regenerate pickling 
solutions. 


site, 


tion 18 new 


New Process—Positive Answer 


A great deal of research has been 
conducted on the disposal and treatment 
pickle liquor, present volume of 
which is now estimated at more than 
600 million gallons per year in the U. S. 

The current major method of treat- 
ment is by neutralization 
content with alkalis, 


of 


acid 
the 


of the 


discharging 


(Continued on page 78) 


M 


s of spo ing comp 
the experimental work, met 


the A.I.Ch.E. Research Committee, and the universities undertaking 
at North Carolina State College in November to hear the committee 


and its researchers report to the sponsors on the progress of the research project on Tray Efficiencies 


in Distillation Columns. 
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FABRICATION 


Process Industries 

have come to depend on Acme 

for more efficient equipment 

for virtually any purpose. 

Acme versatility has paid dividends 
to many processors in time and 
effort saved, in greater economy 

of operation and more productive 
ylelds of high quality products. 


The illustrations shown 
here are but a few from 
thousands of diverse units 
in current, successful use 


all over the world. 


When planning a replacement 
or expansion program, 


consult Acme first! 
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J-M 85°, Magnesia is lightweight . . . easy for workmen to instal! half-sec- 
tions on this 10” steam line. Insulation work at the Grace Chemical piant 
was performed by Young Sales Corporation of St. Louis. Engineering and 
construction was directed by Foster Wheeler Corporation of New York. 


Your Btu’s and dollars go further when you 
specify Johns-Manville 85% Magnesia 


... the choice of insulation engineers 
at Grace Chemical’s new Memphis plant 


INpustry’s LONG-TIME standard for 
temperatures to 600F is still your best 
insulation buy. For J-M 85°, Magnesia 
provides high insulating value, easy ap- 
plication, long life, initial low cost and 
minimum maintenance. That's why in- 
sulation engineers consistently specify 
J-M 85°, Magnesia for modern installa- 
tions like Grace Chemical’s new anhy- 
drous ammonia-urea plant. That's why it 
will pay you to specify J-M 85 °,, Magnesia 
for your new plant or modernization 
program, 


Johns-Manville 
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To assure you maximum value from 
your insulation dollar, Johns-Manville 
gives you complete drawing-board-to- 
job-site service. You get expert recom- 
mendations by the world’s most experi- 
enced insulation engineers . . . plus expert 
installation by authorized J-M Insulation 
Contractors. Write today for further 
information on J-M 85°, Magnesia and 
Johns-Manville’s unmatched facilities to 
solve your insulation problems. Address 
Johns-Manville Box 60, New York 16, 
N.Y. In Canada, Port Credit, Ontario. 


J-M 85°. Magnesia also comes in block form. 
Here you see it being applied to a vertical 
drum at a New Jersey petroleum refinery 


INSULATION 


MATERIALS “ENGINEERING - APPLICATION 
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The New Orleans Recipe: 


blend rich cultural experience 


with full technical program 


J.T. Hogan and J. Pominski | Southern Regional Research Labs. 


raditionally known as “the city that 
T care forgot,” unique New Orleans 
plays host for the third time in less than 
16 years to an A.I.Ch.E. National Meet- 
ing, May 6-9. 

What is the attraction of New Or- 
leans? Simply this—the engineer can 
travel the country from one end to the 
other and never come to another New 
Orleans. No other city in the U.S. is 
like it, no other city can match its heri- 
tage of four cultures, its striking con- 
trasts, or its myriad pleasures. A city 
both old and new, ancient and modern, 
it is a center of business, and a center of 
unique pleasure 

If it is the past that fascinates you, 
New Orleans holds the history of 
French, Spanish, American, and Creole. 
Here was the center of France in Amer- 
ica, La Nouvelle Orleans, Le Petit Paris. 
Here still are the stately homes and 
history of the Spaniards. Here is where 
Andrew Jackson defeated the British 
and Jean LaFitte became a legend. And 
here is where one of the few completely 
American cultures developed in the 
Creole life and in the music of the jazz 
bands still playing loud and fast in the 
city’s night spots. 


Paris in America 


General opinion has it that the engi 
neer would have to go to Paris itself to 


begin to match the food, drink and 
joie de vivre of New Orleans 
Down in the French Quarter, the 


Vieux Carre, or old square, are the old 
French restaurants that have given the 
city its reputation as a gourmet’s para 
dise. Antoine's, old, mellow, is known 
throughout the world for its 150 years 
of French cuisine, its quaint antique gas 
chandeliers used both for heat and light 
You'll want to try the Autres en coquille 
a la Rockefeller (oysters Rocketeller to 
we foreigners), and pompano en papil- 
lote, both invented here and sent all over 
the world. At Arnauds on Bienville St. 
you'll get just about any French or 
dish from Arnaud to 
their special crepes suzette. Down on 


Creole shrimps 
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Bourbon St. at Galatoires the specialty 
is crab meat, all types in ways you've 
never seen before, all hand-picked, per- 
fect. If the food isn't quite enough at 
Diamond Jimmy Moran's La Louisiana 
on Iberville St., you can look at the 
fabulous building itself, once the man- 
sion of the merchant prince Zacharie. 
If these are not enough, try Brennan's 
Vieux Carre, Bienville and Bourbon 
Sts., Broussard’s with its open courtyard 
dining room, Josefs also on Bourbon. 

All of these and a lot more are within 
easy walking distance of the Roosevelt 
Hotel, your headquarters while here 

After dinner, and a cup or two of 
New Orleans deservedly famous “black- 
drip” (French style coffee without 
which life would certainly cease in New 
Orleans), it is time for a little “night 
life.” If it’s night clubs you like, go 
down to the corner of St. Louis and 
Bourbon Sts. and you'll find both 
Stormy’s Casino Royale and Prima's 
500 Club. For a combination of night 
life and history try LaFitte’s Black 
smith Restaurant and Bar on Bourbon 
St. which is the original location where 
the LaFitte brothers posed as black 
smiths to cover up their real trade 
piracy and smuggling 

Certainly you won't want to skip at 


NEWLY ADDED PROGRAM FEATURE: Pane! 


Better reports can mean better under 
standing with the people upstairs, or 
even occasionally breaking into print in 
the national magazines. To help you 
write better, or find out how to give 
help to engineers in your employ, a 
special symposium will be held in con 
nection with the New Orleans meeting 

Under the chairmanship of E. W. 
Kilgren (Stanolind), panelists will in- 
clude H. J. Tichy, (Hunter 
author of C.E.P.’s series “Engineers 
Can Write Better,” (a reprint best 
seller); Dennis Murphy, a full time 
instructor in better writing on the staff 
of Service Pipe Line, will talk on “what 


ollege 
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secluded petles of the Views Corr 
French GQwarte: 


are 


ab 


least one trip to a “Dixieland” jazz 
spot, here in the home of Dixieland. Try 
the Sho-Bar on Bourbon, or the Famous 
Door Bar, on the same street. And 


you just have to drop in at the Old 
Absinthe Bar, also on Bourbon, which 
has been serving its absinthe frappes 


since 1798, features Papa Celestin’s 
Band. 
Of course the city boasts a fine 


orchestra, opera, theaters, and all the 
other entertainment and cultural oppor 
tunities of a major city. 

Whether taste runs to night 
club or symphony, if you are adventur- 
you'll be in the French Market at 
arrival of everyone 


your 


ous 
the 
from society matron to truck driver sits 


dawn, where 
on stools and drinks coffee shoulder to 
shoulder, just as they do every night in 
Paris’ famous market, Les Halles, 


At Every Corner—History 

Since the adventurous French-Cana 
dian Jean Baptiste Le Moyne, Sieur de 
Bienville, selected New 
Orleans in 1718, has marked 
literally every point of New Orleans 

In the world famous French Quarter 
lying along the Mississippi below Canal 


the site of 


history 


(Continued on page 56) 


on How to Write Better 
management can do”; and C42. Editor 
John Mellecker on “what editors ex 
pect Unannounced as yet is the 


speaker who will talk on “what manage 
ment expects 

Late word on C. W. Humphrey's 
(Shell Chemical) symposium on “For 
eign Developments & Their Effect on 
the U. S 
there will be a 


Chemical Industry” assure 


speaker on “selling 


chemicals in world competition,” an 


other on “effect of foreign processes,” 
and one on “commercializing our tech 
nology abroad-—other than selling.” 

Other program elements are described 


in Future Meetings on page 98 


Page 55 
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eliminate 
overhead 


Yorkmesh DeMisters provide 
clean and efficient (better than 


99.9%) separation between 
liquid and vapor with virtually no pressure drop. Easily installed into new or 
existing equipment, York wiremesh on ro provide the most effective 


means for recovering valuable liquids entraine 


in gases or vapors, and by per- 


mitting operation at higher than normal velocities, leads to increased production 
from existing equipment. The unique operating principle, shown below, involves 


miles of wire knitted into a mesh 
out entrained liquid and tosses it 


d that lets clean vapor through, but knocks 
ck. In one instance, a scrubbed gas stream 


at 475 psig carried off 0.5 to 1.5 lbs. of triethylene glycol per MMCF even after 
passage through a vane type mist extractor. Because of inadequate liquid re- 
covery, the vane type extractor was replaced by a stainless steel Yorkmesh De- 
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Mister at a total cost of $317.00, resulting in a re- 
covery of 4.9 gallons of triethylene glycol per day, 
which amortized the entire DeMister pad installa- 
tion in 29 days. It will pay you to investigate the 
advantages that Yorkmesh DeMisters can bring. 
Write for Bulletin 17 which will put further facts. 
at your fingertips. 

POSITIVE SEPARATION MEANS 

NO OVERHEAD LIQUID LOSS 


Liquid droplets entrained in the vapor stream im- 
inge on the extensive wire mesh surfaces. The fine 
we te coalesce, the liquids drain free and clean 
vapor passes overhead. 
Yorkmesh Demisters provide clean separation between 
liquid and vapor in: Vacuum towers + Distillation 
Equipment + Gas Absorbers + Scrubbers + Evaporators 
Knock-Out Drums + Steam Drums 


Y@RK 


OTTO H. YORK CO. INC. 
6 CENTRAL AVENUE, WEST ORANGE, N. J. 
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Street, you can walk down Royal Street 
(Rue Royale), once the “Main Street” 
of the French city, and pass under the 
ancient overhanging balconies, the iron- 
work so famous to the city, endless rows 
of curio, perfume and antique shops, and 
meet a point of historical interest every 
few steps. There’s the Merchants Ex- 


| change, built about a century ago; the 


old Mortgage Office (1826) one of the 
best examples of Greco-Roman classical 
architecture in the city; the Old Bank 
of Louisiana, a most distinctive example 
of Creole style decoration; The Patio 


Royal and the Brulatour residence, one 


| Courtyard 


of the finest structures leit in the Vieux 
Carre; the world famous outdoor restau- 
rant, Court of the Two Sisters, with 
its strong flavor of Paris; the Spanish 
where beautiful winding 
staircases connect the various balconies 
at different Patti’s Courtyard 
with its tropical vegetation and memo- 
ries of opera’s immortal Adelina Patti; 
and the city’s “first skyscraper” (1811). 
. On Bourbon Street there’s the home 
of the great Confederate statesman, 
Judah P. Benjamin. On Dauphine 
St., Audubon’s Home. On Toulouse St., 
the wonderful Court of the Two Lions. 
On Orleans St., the Orleans Ballroom 
of ante-bellum days. On Dumaine, Ma- 
dame John’s Legacy (1726) oldest puild- 
ing in the Mississippi Valley. 

At the heart of the French Quarter 
is Jackson Square (Place d’Armes) 
with its fine statue of Jackson, the ele- 
gant and old St. Louis Cathedral, the 
Pontalba Buildings—two huge red-brick 
buildings built in 1849 by the Baroness 
de Pontalbe, full of long “galleries” 
(balconies) and ironwork—and the Ca- 
bildo, ancient seat of Spanish rule and 
scene of transfer of Louisiana from 
France to the United States. 

There is as much outside the Quarter 
as inside. In the so-called Garden Dis- 
trict, south of Canal St. where Ameri- 
cans settled after the Purchase, the 
houses are large, spacious, full of white 
columns and typical Greek Revival 
plantation architecture, covered with 
magnolias, oleanders and azaleas. 

There are the outlying plantations 
from the pre-Civil War days, and the 
famous night ride on the Mississippi 
River boat with nightly dancing. There’s 
Lake Pontchartrain where 1,750 acres 
have been reclaimed from this salt-water 
arm of the Gulf for residential areas, 
still leaving the Lake and its boating, 
fishing, swimming. There are dueling 
oaks and spanish moss, the bayous and 
outdoor art shows. 

The March issue of C.E.P. will make 


levels ; 


| suggestions for budgeting your time. 


Details of the Program will be included 
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always in your hands 


f your processes require oxygen or nitrogen in free air for raw material, it can substantially reduce 
volume, your own “on-location” generator can the cost of your end product and eliminate all un- 
be a tremendously profitable investment. With the certainty regarding your oxygen or nitrogen supply. 


We are prepared to design and build for your requirements: 
Large Capacity Tonnage Generators, regordiess of size, purity, or cycle, with liquid pumps 


“Packaged” High Purity Generators, producing high purity oxygen and nitrogen simulteneously 
— delivered safely under pressure by Air Products potented liquid pumps. 


end cove money. Consult us for comparison of costs. 


Air Prod ucts 


successful INCORPORATEO Apperatus Design 


Dépt. Box 538, Allentown, Pa. Apparatus Manutacture 
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Froducts 
“ON-LOCATION” GENERATOR 
keeps your OX YGEN-NITROGEN supply 


Solve your Heavy-Duty 
Pumping Problems 


rpm. it is an external gear 
and bearing, steam 
jacketed, hopper type, 
operated by hp. 
motor arranged with jack- 
shetts and pulleys. T 
pumps have been opera- 
ting for 6 years with mini- 
mum maintenance atl. A. 
Dreyfus Ce., South Plain- 
field, N. J. 


Screw Pumps maintain 
high volumetric efficiency because 
“Dual-Controlled” precision rotor 
design prevents rotor-to-rotor or 
rotor-to-casing contact—provides a 
continuous flow without pulsation, 
| hammering or vibration . . . without 
strains, misalignment and wear on 
rotors, shafts, bearings and gears. 


Result: Dependable, uninterrupted 
External Geer and Bearing Bracket Type for pumping service—less downtime— 


nen-lubricating liquids end semi-liquids less maintenance—easier servicing — 
longer pump life—lower overall 


pumping costs. 


Sier-Bath screw pumps 


Capacities from 1 to 1,000 gpm.,; vis- 
cosities from 32 SSU to 1,000,000 
SSU ; discharge to 1,000 psi. for vis- 
cous liquids, 200 psi. for water and 
light oils. Horizontal or vertical con- 
struction. Corrosion resistant alloys, 
special bodies, stuffing boxes and 
bearings for special needs. Call your 
Sier-Bath representative or write Sier- 
Bath Gear & Pump Co., Inc., 9272 
Hudson Bivd., North Bergen, N. J. 


fier Bath ROTARY PUMPS 


Internal Gear and Bearing Type for lubricat- 
ing liquids and semi-liquids 


MILITARY SERVICE 
(Continued from page 49) 


and (3) a written statement of the registrant that 
atter completion of his three to six months active 
duty, he intends to return to his former employ- 
ment or to enter employment in a critical defense 
supporting industry or in a research activity 
affecting national defense utilizating his critical 
skill. 


Section 1680.3—Action by Local Board. 

(a) Upon receipt of request of the registrant, 
the local board sholl suspend any further proc- 
essing in his cose pending consideration of his 
request, except that if the registrant has not been 
physically examined, this be done. 

(c) 1f the registrant is physically 
the local board shall refer his request to the 
appropriate State Advisory Committee on Scien- 
tific, Engineering and Specialized Personnel, and 
other groups or agencies as may be appropriate. 

(d) After receipt of recommendations from 
such Committee or groups, the local board shell 
approve or disapprove of the registrant's re- 
quest, notifying the registrant and his employer 
by letter. 


Section 1680.4—Appeals. 

(a) The registrant may appeal the determine 
tion of the local board, with the appeal board 
or the President. The time for appeal shall begin 
to run from the dote of the mailing to the 
registrant by the local board of the notice of its 
determination. 

(b) Outcome of the appeal shall be trans 
mitted by the local board in a letter to the 
registrant and his employer. 

Section 1680.5—Selection and enlistment. 

(a) Registrant selected for Ready Reserve shall 
enlist in a unit within 30 days after notice of 
his selection is mailed by the local board, or 
within a longer period if granted by the local 
board. 


Section 1680.6—Resumption of processing of 
registrant. 
(a) If the registrant does not enlist within the 
30-day period, the local board shall process the 
registrant for induction in the normal manner. 


Section 1690.7—Reporting Discontinuance of em- 
ployment. 

(a) After completing vhree to six months active 
duty period, registrant must keep his local board 
informed as to his mailing address, occupation 
and employment. 

(b) If after completing training registrant 
does not return to employment in any critical 
defense-supporting industry or in any research 
activity affecting national defense, the local 
board shall so advise the appropriate office of 
the Armed Forces. 


Executive Order 10651—Screening of the 
Ready Reserve (for transfer to Standby 
Reserve). 


4. There shall be transferred to the Standby 
Reserve, in such numbers os are in excess of the 
requirements of the Ready Keserve, those mem- 
bers of oo Ready Reserve who are principally 

ployed in critical civilian occupo- 
tions Owhich are on the List of Critical Occupe- 
tions for Screening the Ready Reserve issued by 
the Sec. of Labor. No person shall be trans 
ferred hereunder who possesses oa critical 
military skill as determined by the Sec. of De- 
fense (and the Sec. of the Treasury with respect 
to the Coast Guard), or (b) who volunteers to 


remain in the Ready Reserve 


| 
| . 
8. Any member of the Standby Reserve who 
; has not completed his obligated period of mili- 


tory service in the Ready Reserve may be trons- 


Screw Pump Georex® Pumps Hydrex® P 
ferred to the Ready Reserve, whenever reason 
for his transfer to the Standby Reserve no longer 
50th Anniversary Mirs. of Precision Gears, Rotary Pumps, Flexible Gear Couplings Member A.G.M.A. exists. 
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WIGH VISCOSITIES ? 
| -Sier-Bath 
SCREW PUMPS 
This Sier-Bath Screw pee 
| base with @ viscosity of 
delivering 6 gpm. at 250 = : 
| 
| 
| 
| 
| 


| CURRENT CHEMI 


Shown above are just a few of the 
current Lummus chemical projects. 


A Lummus-designed anhydrous ammonia and ammonium 
sulfate plants, and a Monsanto-designed sulfuric acid 
plant under construction for Gonzalez Chemical 
Industries, Inc., at Guanica, Puerto Rico. 

8 30,000,000 Ib/yr vinyl acetate plant engineered and 
constructed by Lummus for Air Reduction Chemical 
Company to come on stream at Calvert City in early 1956. 

¢ First commercial installation in this country for 
manufacture of high pressure acetylene derivatives 
engineered and constructed by Lummus for 
General Aniline & Film Corporation to begin 
operations at Calvert City in late 1955. 

© Phenol-Acetone plant designed, engineered and 
constructed for Progil-Electrochimie at Pont de Claix, 
France in 1955. 


Think of Lummus when planning your next plant. 


nh dr 
hem Plant f 
Islang Company to “4 Pittsburgh Coke 


at Nevilig 


ore 


THE LUMMUS COMPANY, 385 Madison Avenve, New York 17, 
N. Y. Engineering & Soles Offices: New York, Houston, 
Montreal, London, Poris, The Hogue, Bombay. Seles Offices: 
Chicago, Corocas. Heot Exchangor Plant; Honesdale, Pa. 
Fabricated Piping Plant: East Chicogo, Indiano. 


LUMMUS 


DESIGNING ENGINEERS AND CONSTRUCTORS 
FOR THE PETROLEUM AND CHEMICAL INDUSTRIES 
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4 OTHER CURRENT 
= {Ummus CHEMICAL PROJECTS ay 
CA 60 ton day aMhydrous ammonia Dlant being 
Chior Alkaij Division, Food Machinery & 
2 Carthage Hydrocoy "OW owneg by Stanoling 
Oil & Gas Co, being 'edesigneg 494 recon. 
Structeg by Lummus for Manufacture Of syn. 
thetic fuel ang Chemical law Materials from 
Natural eas. 
4 
4 Lummus-desieneq 4mmonia Plant for St. Pay 
Ammonia Products Inc., to be buiit at Ping 
Beng, Minnesota 
5 Epon Resin for Shei Chemicay Corpora. 
| tion at Houston, Texas. ’ 2 
Bisphenoy Unit for Shei Chemica) Corporation 
at Houston, Texas. f 
7 Tetramer, Cumene and Phenol Acetone units $ 
for Societe des Chimiques des Der ives du 
Petrote at Antwers Belgium, 
Sulfuric Plant for Inteng Chemicals 


SOLVE COMPLEX 
FILTER PROBLEMS 


WITH INDUSTRIAL’S NEW 
BUILT-TO-ORDER FEATURES 


industrial offers much more than a line of 
standard filters .. . a complete filtration engineer- 
ing service from fluid analysis to installation. Industrial 
is ready and able to help you specify the right equip- 
ment for or unusual needs. 


Easily d for special uses .. . these Verti- 
cal Filters typify Industrial engineering . . . purposely 
designed to be built for your exact needs. 

Several of the many possible modifications are shown 
at the right... for recovery of large volumes of solids 
the bottom opening filter is ideal; for smaller volumes, 
the cleon out door is more practical and less costly. 
Another example of specialization is the jacketed 
shell filter, for use where small temperature variations 
ore important. Other optional features are quick- 
opening covers, individual leaf outlets and self- 
cleaning devices that offer slvicing, shaking or air 
wash cleaning. 

Lower filtration cost . . . proven performance, 
minimum down time, the use of low cost but efficient 
filter media plus a design exactly suited to your 
needs, all contribute to Industrial’s low over-all cost 
per gallon of filtrate. 


Write now for details on flow sys- 
tems, special equipment, filter and 
leaf construction. Ask for 8 page 
Bulletin 11. 


_ FILTER & PUMP MFG. CO. 


RECOVERING LARGE 
VOLUMES OF SOLIDS 


RECOVERING SMALL 
VOLUMES OF SOLIDS 


JACKETED SHELL 
FOR UNIFORM 
TEMPERATURE 


om 5910 OGDEN AVENUE + CHICAGO 50, ILLINOIS 


| Fission products from nuclear piles 


may, through chemical engineering, 
become an important source of auxil- 
iary electric energy through the 
development of a nuclear “battery” 
which translates radiation energy 


D's: conversion of nuclear radiation 
into electricity has recently attracted 
considerable attention, particularly dur- 
ing the past year with the increasing 
interest in peaceful uses of atomic en- 
ergy. It appears that the immediate 
interest lies in the possible application 
of such a process to produce simple, 
compact, and long-life power sources. 
However only small amounts of power 
are feasible at the present time. 

The grand total of power available 
from radioisotopes is limited by the sup- 
ply of fission products produced mainly 
as by-products of nuclear reactors. At 
present, it would appear that they should 
be considered as a possible auxiliary 
source of considerable magnitude, with 
a possible maximum roughly equivalent 
to that produced by batteries at the 
present time. 


Types of Radiation 

The types of radiation which are be- 
ing worked on may be classified i: to two 
categories: (1) charged radiation and 
(2) uncharged radiation. 

Examples of charged radiation are: 
electrons ‘ur beta rays, alpha particles, 
ions, and fission particles. Examples of 
uncharged radiation are: X-rays, 
gamma rays, neutrons, and light (also 
may be included if it is produced by 
some nuclear process). 


Methods of Conversion 


The processes of direct conversion 
may be classified into four categories: 

1. Direct charging methods. These ore usable 
only with charged radiation and involve the 
simple collection of charged carriers by an elec 
trode to create a voltage. 

A type of direct charging device 
studied by RCA consists of three principal 
parts; a radioactive source, a dielectric film, 
and a metal A_ unidirectional 
flow of current takes place through the 
film which is thin enough to pass beta 
particles but acts as an insulator for other 
forms of current. perhaps the 
simplest type of direct charging device but 
it is subject to the same limitations as 
the first type. It can produce several 
thousand volts, but the current and the 
impedance depend upon the amount of 
radioactive material used; in fact all direct 
charging methods suffer this same limita- 


collector. 


This is 


Based on ao paper presented at the Geneve 
International Conference on the Peaceful Uses 
of Atomic Energy 
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MODIFICATIONS 

@: 


directly into electric power. The total 
output of fission products by 1965 
may provide enough potential raw 
material to supply as much auxil- 
iary power as is presently produced 
by batteries, 2 million watts /yr. 


tion. They should become more feasible 
commercially as fission products become 
cheaper and more plentiful 

2. Contact potential These may 
utilize both types of radiation, and operate by 
the use of contact potential fields to separate 
charges and produce currents. 


The basic principle of the contact poten- 
tial method is represented by two electrodes 
of dissimilar metals between which there 
is enclosed an atmosphere of gas, for ex 
ample, argon. Radiation having sufficient 
energy to ionize the gas will produce carrier 
pairs. These will be acted upon by the 
field because of the contact potential dif- 
ference of the metal surfaces, the positive 
ions flowing in one direction, and the nega 
tive electrons in the opposite. This produces 
an electric current which may do useful 
work. This particular device has an es- 
pecially low efficiency owing mainly to 
the low-absorption coefficient of gases for 
radioactive radiation, and the high ioniza- 
tion energy for gases (about 30 ev.). The 
efficiency may be somewhat improved by 
using low-energy radiation or gas under 
pressure 


3. Ther ple methods. Either type of 
radiation is used to generate heat by simple 
absorption. The heat is used to activate thermo- 


junctions. 


The thermocouple method converts ra- 
diant exergy directly to heat and this in 
turn to electricity by means of the thermo- 
electric effect. If the absorption of the 
radiation is complete, and in practice it 
could be made nearly so, the efficiency of 
the method would be that of the thermo- 
junction. Since efficiency increases with 
junction temperature difference it will in 
general be low for low-power inputs. With 
57 and 146 curies using polonium-210 the 
electric power delivered was respectively 
0.1 and 0.2% of the power developed as 
Maximum power delivered was 18 
Solar radiation 


have been attained, 


heat. 
and 94 mw 
efficiencies of about 1% 
and with the use of concentrating reflectors 
or lenses it is estimated that an efficiency 


respectively. 


of about 5% would be possible The thermo- 
couple method is clearly a simple, rugged, 
and long-life process. The application of 
modern solid 
towards the improvement of thermocouples 


state theory and experience 


may prove profitable 


4. Semiconductor junction methods. Carriers 
are formed within the semiconductor by either 
type of radiation, and are separated by the 


internal junction field. 
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ATOMIC BATTERIES 


await low-cost materials 


E. G. Linder, P. Rappaport, J. J. Loferski 


The semiconductor method employs a 
p-n junction of materials such as silicon 
or germanium. The device may be ener 


gized by radiation of either the charged 
or uncharged type. By a simple process 
utilizing the internal electric field of the 
junction the radiation ehergy is converted 
directly into electric energy 


Experimental current-voltage curves are 
shown in Figure 1. The output current is 
plotted horizontally and the voltage gen- 
erated vertically. The three curves are for 


different silicon units 


A practical type of design that approaches 


efficient use of the emitted radiation is 
shown in Figure 2 where a layer of radio- 
active material is sandwiched between two 


p-n junctions 


The semiconductor type of device has an 


important characteristic which enables it 
to overcome two disadvantages associated 
with the direct charging types of devices, 
namely small current and high internal 
impedance, as pointed out previously. These 
disadvantages are overcome by high current 
multiplication in the semiconductor. In 
each Sr-Y90 particle 


for example, will 


other words, beta 
that penetrates 


produce on the average about 200,000 new 


silicon, 
electrons. This high-electron multiplication 
increases the output current by a similar 
factor and reduces the internal impedance 
by the same factor. Because of these 
changes in current and impedance this type 
of device has characteristics which are in 
a practical range for the operation of elec- 
tronic equipment, especially transistorized 


With 


radioactive material it is possible to design 


equipment. practical amounts of 


small power units, sufficient current, and a 


CURRENT (po) 


Fig. 1. 
silicon p-n junction converters. 
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Radice Corporation of America 
RCA Laboratories, Princeton, N. J 


suitable impedance for operating equipment 
of this 

On the other hand, this semiconductor 
type of converter is subject to a significant 


type 


amount of semiconductor radiation damage 
when it is used with radioactive material of 
certain types. Fortunately there appear to 
be remedies for this type of damage, which 
is a tunction of the particle or quantum 
Indications are 
that by the use of materials 
whose energy of does 
not exceed the threshold value, it should 


energy of the radiation. 
radioactive 
quantum radiation 
be possible to construct converters of this 
type the life of which is not limited by 


radiation damage 


Summarizing all types of power 
using material, it 
should be stated that there are several 
problems yet to be solved before such 
devices as enumerated in this paper can 
be considered practical. These problems 
are related to 


sources radioactive 


. the high cost of radioactive matericl 
. radiation shielding 

. radiation damage 

4. low efficiency 


en 


It appears that all the obstacles to a 
practical larger power source could be 
solved by the appearance of a radio- 
active material which was of low cost, 
had low quantum energy, and a long 
half-life Among available isotopes 
nickel-63 meets all these requirements 
except that of cost. It emits 0.063 Mev 
beta radiation, and has a half-life of 
85 years, however the present A.E.C 
price is $45/mc. It is to be hoped that 
attention will be given to this and other 
materials in the same category. 


Experimental current-voltage curves for 


+ 
dy aq olley 
dots 
— | t i 
erie 
conductor - ohmic 
contacts 


Fig. 2. Double junction arrangement 
for efficient use of radioactive emis 
tion 
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More PROFIT with PROCTOR! 


PROCTOR DRYING RANGES OFFER: 


| * Increased Yields 
* Guaranteed Product Quality 
* Highest Uniformity 
* New Pre-Forming Techniques 
* Control & Flexibility of Operation 


Proctor Single Conveyor Dryer at Reichhold Chemicals, inc. Brooklyn, W.Y. 
This unit is complete with a Proctor & Schwartz fin drum feed 
which preforms pigment into sticks of uniform thickness and 
deposits them directly onto the conveyor dryer. 


Proctor Drying Ranges make possible continvous conveyor drying of many 


materials formerly dried by batch processing. 
Use of these ranges means 
¢ More Profit 
¢ Uniform Drying 
¢ Consistent Quality of Product 
Proctor equipment carries performance guarantees based on wide experience 


and careful analysis of your requirements. 


Write for complete information 
* Tray Dryers * Truck Dryers * Spray Dryers 
* Other Proctor Equipment for use in the Process Industries. 


Manufacturers of Industriel Drying 
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PROCTOR & SCHWARTZ, Inc. == 


AS PARTNERS IN 


-isa factor! 


hi 


| is) The extensive background of experience of Great 
MP Lakes Carbon Corporation in industrial carbons and 
other raw materials is an unique plus factor in the 
uniformity which distinguishes GLC electrodes, anodes, 
carbon brick and mold stock. 


The high degree of integration between discov- 
eries in our research laboratories, refinements in pro- 


ELECTRODE 


cessing raw materials, and improved manufacturing 


techniques is further assurance of excellent product 


performance. 


DivistoOn 


Great Lakes C Car} On. Ci Or porat tion 


-APHIT ELECTRC AMUUES,. | and SPEUIALITIES 


ADMINISTRATIVE OFFICE: 18 East 48th Street, New York 17, N.Y. PLANTS: Niagara Falls, N.Y., Morgenton, N.C. OTHER OFFICES, Niegora Folls, N.Y, 
Ook Pork, Ill., Pittsburgh, Po. SALES AGENTS: J. 8. Hoyes Company, Birmingham, Alo., George O. O'Hara, Wilmington, Col. SALES AGENTS IN OTHER 
COUNTRIES: Great Northern Carbon & Chemicol Co., itd., Montreal, Conede; Greot Eastern Carbon & Chemicol Co., inc., Chiyoda Kyu, Tokyo, Jopen 
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ENCLOSED STORAGE SILOS 
MORGANTON, W.C, PLANT 
GLC 


Bridging 
the gap 
between 
research 
and 
product 


Throughout the petrochemical industry 


FLUOR BUILDS PROCESSES 
INTO PROFITS 


Process engineering by Shell Chemical ... engineering design, procure- 
ment and construction by Fluor. Here's the result: Shell Chemical 
Corporation's Norco, La. plant, latest project in a 20-year old customer- 
contractor relationship. 

Chief Norco products are allyl chloride and chlorohydrins, used in 
a variety of petrochemicals. They help Shell maintain its position as 
one of the world’s largest suppliers of glycerine, used in products 
ranging from paints to cigarettes, lipstick to explosives. The Norco 
plant is one more example of the growing practice in the petrochemical 
industry (and in the petroleum, chemical, fertilizer and power indus- 
tries) of selecting Fluor to build the major facilities. 


At Norco, Fluor completed both the Process Section and the Offsite 


Facilities. A large portion of Norco’s output is shipped to Shell Chem- 
ical's Deer Park, Texas, plant...also a Fluor project. 


Engineers « Constructors 
The FLUOR CORPORATION, Ltd. 


2500 South Atlantic Blvd., Los Angeles 22, Calif. e Offices in Principal Cities in the United States & Canada 
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to significant developments in 
® EQUIPMENT 


MATERIALS 
® SERVICES 


109 PLANT SCALE HAN- 
DUNG OF METALLIC 50- 
DIUM is covered in detail 
in new, copiously illustrated 
40-page book from U. 5S. 
Industriel Chemicals Co., 
division of National Dis 
tillers Products Corporation. 
Design features of sodium 
handling equipment and 
proved procedures for plant 
use of sodium are featured 
in this greatly expended 
engineering text. Such prob- 
lems as heating, insulation, 
pumping, filtering and in- 
strumentation ere discussed 
with diagrams, photographs 
end tables. Sections on uses 
of sodium and on general 
safety and first sid meas 
sures are included; this 
book, however, is specifically directed to large scale rather 
then laboratory users. Dimension sketches show sizes & shapes 
of sodium bricks and of sodium berrels & drums. Compre 
hensive chart, reprinted by permission of AEC. shows re 
sistance of materials of contruction to liquid sodium and 
sodium-potessium alloys over the tempersture range up to 
900°C. For your copy of this velueble refrence manual, 
circle number 109 on data post card. 


110 STATISTICAL REVIEW summarizing the production and 
consumption picture of the domestic zinc industry in 1955 is 
offered in « !3-pege booklet. Comprehensive tebles cover 
mine production, imports of slab and ore, tariff rates, con 
sumption by grades. Detail discussion of zinc consumption 
for pigment production, gelvenizing, and die casting. The 
American Zinc Institute, Inc. Circle number 110 on date 


post card (Continved on pege 66) 


@ TURN THIS PAGE TO RIGHT FOR mone 


@ HOW 10 USE THIS POST CARD 


Merely encircle numbers on cards to get literature desired. On 
advertised products in front of magazine, fold this page out to 
right. For those in beck, fold card strip again to right, where 
card strip is scored for detaching 
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products- 
advertised in this issue 


Process Know-How. Accumulated ex- 
perience with aliphatic alcohols covers 
world-wide installations. Vulcan Copper & 
Supply Co's. process provides the answer 
to problems in production or recovery of 
verious alcohols. 

3R Feeders. Banish fear of overloading 
by use of Draver feeders which respond 
even to stubborn, hardto-handie products. 
More than 100 standerd sizes. 8B. F. Gump 
Co. 

4A Refractometer. A proven process 
alyzer which assures uninterrupted service 
over period of years. Rugged construction, 
high sensitivity, other features. Consolli- 
dated Electrodynamics Corp. 


64 Mixers. Available for atmospheric, ele- 
vated pressure or vacuum operations, with 
or without temperature control jackets, 
working capacities to 500 cu.ft. Read Stan- 
dard Corp. 

7A Pulverizer, A new unit the Mikro- 
Multi-D designed for process systems in 
which purity of product is of prime im- 
portance. Assures precise control in 4 to 
20 mesh range. Pulverizing Machinery Div., 
Metals Disintegrating Co., Inc. 

SA Valves. if it is greater on stream 
dependability you want consider Rockwell- 
Nordstrom valves said to have been proven 
in every service for many years. Rockwell 
Mfg. Co. 

10A High Vecuum Pump. Called Megavec 
& available in sizes for both laboratory & 
industrial use this high vacuum pump is 
said to be more compact, longer lived & 
to give greater efficiency. Central Scientific 
Co. 

11A Compressors. With pressures from 
high vacuums to 15,000 Ib./sq.in. units 
meet exacting needs with economy, de 
pendability & low maintenance. Ingersoll- 
Rand. 

Heat Exchangers. Complete drain- 
ability & easy cleaning sre assured when 
Aerofin type R coils are in use, Maximum 
heat transfer accomplished by steggering 
finned tubes in direction of air flow. Aero- 
fin Corp. 

13A Anslog Computers. To achieve flex- 
ibility of structure & application in synthesis 
& analysis, planning & plotting, proving & 


improving investigate GAP/R moduler 
components. George A. Philbrick Re 
searches, Inc. 


14A Pumps. Day by day advances in 
technology bring unsolved pumping prob- 
lems. To meet this need the Worthington 
Corp, research & development program is 
continuous, They will be glad to cooperate 
with you on any pumping problems you 
may have. Aveilable a wide standard cor- 
rosion-resistant line of pumps manufactured 
from Karbate impervious graphite to sup- 
plement Worthite. 

164 Oxygen Analyzers. Units continuously 
measure process streams by an advanced 
magnetic principle providing direct physical 
measurement of the oxygen itself. Arnold 
©. Beckman, Inc. 


17A Mixers. Designed & built for max- 
imum efficiency Baker Perkins Inc. units 
are suitable for use without regerd for 
product. Typical installation illustrated. 
18A Synthetic Powder. Called MicroCel 
said to greatly improve flow of many prod- 
ucts even under adverse storage conditions. 
Absorbs to 6 times its weight in water. 
See list of features. Johns-Manville. 

20A Reducing Valve. A new Leslie Co. 
reducing valve called Hi-flo ssid to have 
better than 50% greater capacity. Unique 
construction. 

21A Heat Exchangers. A standard line in 
sizes from 20 to 400 sq.ft. surface of various 
types of construction & in single & multiple 
tube arrangements, available for quick 
delivery. Struthers Wells Corp. 

22 Fittings, Tanks & Parts. Processing 
equipment fabricated from 11 job-proved 
rubber & plastics available from American 
Hard Rubber Co. Bulletin on comparative 
properties. 

23A Process System. Conversion of fine 
particles into granuler products to meet 
consumer demand accomplished by com 
pacting, rolling & circle sifting. Granules 
are 100% —3 mesh & 100% on 10 mesh. 
Allis-Chalmers. 

yor Elevat Simple edapte- 
tions of standard Stephens-Adamson Mfg. 
Co. products often provide low cost, effic- 
ient bulk material handling. Wide range & 
versatility of products permits of virtual 
“in stock” systems. 

25A Flew Control. An electrinic, beering- 
less flowmeter called Pottermeter which 


may be easily installed in all types of 
piping & operstes under all conditions. 
Accuracy + V2 of 1%. Potter Aeronautical 
Co. 


26A Filters. Available in wide range of 
types units include both vacuum & pressure 
designs. Numerous attachments for cake 
dewatering & removal. Eimco Corp. 


27A Catalysts. Versatility of molybdenum 
increases its use as a catalytic element. 
Functions readily as an electron acceptor 
or donor. Bulletin on its use in industriel 
applications. Climax Molybdenum Co. 


28 Process Equipment. Condenser Ser- 
vice & Engineering Co., Inc. together with 
its subsidiaries are prepared to design, 
build & instali power & process equipment 
& accessories. Bulletins on various types 
of equipment. 

29A Activated Carbon. if you have « 
vepor phase absorption problem type BPL 
granular activated carbon from Pittsburgh 
Coke & Chemical Co. is specifically designed 
to solve it efficiently at low cost. 


320A Pneumatic Transmitters. A complete 
line of these units for measuring flow, pres 
sure, level & density. Ranges may be 
changed as much as 2 to 1 on standard, 
10 to 1 on double weighbeam models. 
Republic Flow Meters Co. 


Fleking. Controlled supercooling with 
Votator apparatus from Girdler Corp. said 
to produce better crystal structure. Con- 
tinuous eutomatic process permits accu- 
rate control of crystallization temperature 
& other solidifying conditions. 


DEVELOPMENTS OF THE MONTH (Cont.) 


tay 


Coupon holder and piston 


lowered into lubricating 
cylinder and locked. 


Coupon holder 


lubricated 
into position egeinst the 
system pressure in pipe or 
tank with hand-opereted 


Cylinder and piston as 


sembly is then removed 
from base whilc corrosion 
sample remains under test. 


pump. 


111 CORROSION TEST SPECIMEN INSER- 
TION & REMOVAL DEVICE. New apparatus 
permits injection and withdrawal of corre 
sion-test samples in process lines or vessels, 
even in high-pressure systems, without 
shut-down or installation of costly by-pass 
piping. Loss of process material, which 
can be toxic or noxious, is held to « 
minimum. Samples are subjected to actual 
conditions as they exist in the operating 
plant equipment. Accurate primary data on 
corrosion is thus obtained for metallic or 
non-metallic samples. A hydraulic cylinder 
operated by a hand pump serves to actuste 


removable pistons carrying the samples, 
which are inserted into the process stream 
through a base plate mounted to a standard 
welded and drilled half<oupling or tee. 
Upper cylinder assembly removable from 
permanently mounted baseplate, and trans- 
ferable to other bese pletes for sample 
handling at several test points in various 
locations. Detailed sectional drawings in 
an illustrated brochure available from Willis 
Oil Tool Company. Circle Number 111 on 
data post card. See aiso cut-away views on 
next page. 
(Continued on page 68) 
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32k Heat Exchangers. The Niegers bal- 
enced wet bulb control method of evapore- 
tive cooling or condensing automatically 
varies the cooling effect proportionately 
to the load, resulting in uniform distilla- 
tion produce. Niegera Blower Co. 


33A Process Pumps & Valves. Durco 
pumps & velves manufactured by Duriron 
Co., Inc. handle most materials & are avail- 
able in « veriety of types materials, in- 
cluding processing of uranium. 


34A Controlled Volume Pump. With ac- 
curacy seid to within +1% the Milton 
Roy Co. pumps can solve your chemical 
metering problem. Acts as flow & ratio 
controllers. Pressures to 50,000 Ib./sq.in. 


35A Potentiometer. Said never to be “off 
process” the Dynelog includes @ simple, 
radiotype veriable capacitor to replace the 
troublesome slidewire. Results in smooth 
balancing. Foxboro Co. 


364 Wire Cloth. Available in all corrosion- 
resistant metals & alloys wire screen from 
Cleveland Wire Cloth Mfg. Co. Aveilable 
to individual specification in any size or 
dimension. 


37A Fire Hose. Called Lite-fFlex & said to 
be an advance in fire hose construction hose 
is covered with gray letex & fully rubber 
lined. Sizes & in., maximum 
lengths 100 ft. Goodall Rubber Co. 


328A Stainless Steel Plate. G. O. Carlson, 
Inc. offer weekly stock lists on steel plate 
in stock. Material of high quality is pro- 
duced by specialists in the field Also 
eveileble plete products, forgings, bers & 
sheets. 


329A Grinders. Greater finenesses than may 
be obtained with tube or roller mills said 
to be eccomplished by use of Sturtevant 
Mill Co. Micronizer. Features instant acces- 
sibility & easy cleaning. 


40A Process Kettles. The right unit for 
every need in process service, depending 
on end product, capacity desired, etc. 
Various types egitetors & mixers, heating 
methods & control availeble from Blaw- 
Knox Co. 


41A Valves. The nonferrous working 
perts in the valve from Lapp Insulator Co., 
Inc. insure easy working & long life in 
chemical atmospheres. Cutawey illustration 
points out feetures. 


42A Oil Heating System. Developed by 
Whitlock Mfg. Co. @ complete transfer 
oil-heating system in @ compact package. 
Ratings 10 to 50 k.w. Arranged to con- 
serve space, obviates leaks by welding pipe 
connections wherever possible. 
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Spindle 
valve closed for in- 
serting of removing 


sample. 


Spindie down and 
locked sample in 
position. 
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Numbers without letters indicate data avail- 
able as described in Data Service “Briefs.” 
Numbers with letters refer to further date 
concerning products advertised in this issue. 
Letters indicate position of advertisement on 
page (if more than one on « page)—t, left; 
R, right; T, top; 8, bottom; A indicates full 
pege; IFC, IBC, and OBC are cover adver- 
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advertised in this issue 


43A Metellic Sodium. U. Industria! 
Chemicals Co. has available « book titled 
“Handling Metallic Sodium’ of mejor in- 
terest to design engineers & production 
men. Detailed information besed on in- 
plant experience. 


447A Chemical Porcelein. Providing vir- 
tually universal corrosion resistance plus 
fast, simplified assembly excepting only 
ageinst hydrofluoric acid & hot caustics 
are chemical porcelain piping & process 
units from U. S. Stoneware Co. Bulletins 
eveilable. 


44 Joints & Couplings. Fabricated from 
Teflon ere Chemises! expansion joints & 
flexible couplings which protect costly 
chemical piping & have low impact strength. 
Pressure tested at plant. U. Gesket-Bel- 
mont Packing Co. 


45A Filtersids. your need is sharp 
filtration to trap better than 95% baec- 
teria & other sub-micronized solids Dicalite 
filtersids do thet. Others give faster flow 
rates. There is @ product for your every 
need. Dicalite Div., Great Lekes Carbon 
Cerp. 


46A Catalysts. A wide line of alumina 
based catelysts, as well as synthetic silica- 
slumine & other specisl-besed catalysts 
available from Chemicals Div., Houdry 
Process Corp. 


48A Process Equipment. Unequalied cor- 
rosion-resistence, immunity to thermal 
shock & ruggedness of mechanical design 
ere the boast of Karbate impervious 
graphite equipment fabricated by National 
Carbon Co. 


SIA Mixers. If absorption of gas into 
liquid is @ problem # Turbo mixer is sug- 
gested. Gas absorber units handle to 
7,000 cu.ft./min. with proved operation. 
General American Transportation Corp. 


53A Process Equipment .|f you are plen- 
ning new installations, « replacement or 
expansion consult Acme Coppersmithing & 
Machine Co. who design, engineer & fab- 
ricate versatile units, 


54A Magnesia. 85% magnesia which pro- 
vides high insulating velue plus other 
features is consistently specified by in- 
sulation engineers. Available from Johns- 
Manville. 


56L DeMisters. York wiremesh DeMister 
peds provide effective means for recovery 
of valuable liquids entrained in gases or 
vapors. Permit operations et higher than 
normal velocities. Otto H. York Co., Inc. 


58L Screw Pumps. Seid to meintain high 
volumetric efficiency because of their dual- 
controlled precision rotor design Sier-Bath 
Geer & Pump Co. units will aid in solution 
of your heavy-duty pumping problems. 


59A Chemical Plants. When next you plen 
®@ new plent consult The Lummus Co. Spec- 
islists in plant design & construction they 
will undertake your project from drawing 
board to operation. 


= Filters. You can now solve complex 
filter problems by using Industrial Filter 
& Pump Mfg. Co. new builtto-order fee 
tures. A complete filtration engineering 
service from fluid analysis to installation, 
also available. 


62A Dryers. The ranges in Proctor & 
Schwertz, Inc. units make possible contin- 
vous conveyor drying of materials formerly 
dried by batch processing. Units carry 
performance guerantee. 


63A Electrodes & Anodes. Uniformity of 
raw materials provides plus factor in 
Great Lakes Carbon Corp. graphite elec- 
trodes, anodes, carbon brick & mold stock. 


64A Petrochemicals. Fluor Corp., Lid. ere 
specialists in design, construction, operation 
of petrochemical installations. 


69A Blender. Patterson-Kelley Co., Inc. 
products include the twin-shell as well es 
other blenders said to furnish maximum 
results. Leb models scale up accurately to 
production sizes. 


TIA Valves. For many of the process 
services in the pulp & paper & other 
industries Crane Co. nickel cast iron valves 
are economical, Gates on hand in sizes 2 
to 18 in. Checks to 12 in. Available to 
18 In. on special order. 


73A Rotary Pump. A stainless steel rotery 
pump with unique flex-iline design which 


DEVELOPMENTS OF THE MONTH (Cont.) 


112) REACTIONS 
WITH PERACETIC 
ACID & HYDROGEN 
PEROXIDE. Compre 
hensive new 49-page 
compendium on 
epoxidation and hy- 
droxylation with 
hydrogen peroxide 
or peracetic § acid. 
Covers basic reaction 
safety considerations, 
of analysis, and many other 


data, equipment, 
methods 


Page 68 


phases of the use of these newer industrial 
chemicals. Describes fully the reactions of 
unsaturated olefins, both aliphatic end ali- 
cyclic. Important feature is @ 9-page con- 
version table for rapid calculation of moles 
of ethylenic unsaturation, oxidant require 
ments, and per cent of oxirane oxygen or 
hydroxyl in the resultant product. Bibliog- 
raphy of nearly 70 references included. 
Becco Chemical Division, Food Machinery & 
Chemical Corporation. Circle number 112 
on data post card. 


(Continued on page 70) 
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eliminates stuffing boxes, shaft seals, gas- 
kets & check valves. Self-priming. Vanton 
Pump & Equipment Co. 


741L Barrier Creams. Called Kerodex this 
substance protects hands from industriel 
skin irritants. Spreads like @ cream & acts 
like @ glove. Ayerst Laboratories. 


74BL Mechanical Seals. A complete refer- 
ence catalog on Dura Seal the engineered 
mechanical seal which rotates with the shaft 
is eveilable from Duremetailic Corp. 


764 Comparators. To aid your control crys 
tallization, bleeching, other activities with 
fast, easy pH & chlorine analyses, unit from 
W. A. Taylor and Co. Color standards 
gueranteed. 


77A Process Filters. Units of every type 
available. Process Filters, Inc. Progressive 
procurement plen. 


78L Research Constructed 
with @ view toward enswering the needs 
of tomorrow, research or control lebore- 
tories by Wigton-Abbott Corp. Specialists 
in all industrial fields. 


79A Horizontal Processing. A_ seif-dis- 
charging horizontal dryer constructed by 
Bethlehem Foundry & Machine Co. offers 
solutions to many processing problems in « 
variety of difficult operations. Details eveil- 
able. 


SOL Filter Presses. D. R. Sperry & Co. are 
fabricators of » complete range of styles 
& sizes for every filtration need. Center 
or corner feed, open or closed delivery & 
other veriations aveilable. 


SIR Process Tanks. Facilities for working 
out complex problems in plate fabrication 
by experienced hands is one of the ser- 
vices available from Downingtown iron 
Works, Inc. specialists in the field. 


Wire Cleth. Anti-<orrosion wire cloth 
or wire cloth parts fabricated from a variety 
of metals & designed to meet the most 
severe service conditions ere the products 
of Newark Wire Cloth Co. 


83A Process Equipment. Strippers, sb- 
sorber towers, eccumulator tanks & Conkey 
dewaterers all ere sids to processing for 
profit. These & other products of Chicago 
Bridge & Iron Co. designed to meet exact- 
ing requirements. 


844 Packing. Lattice braid with Teflon is 
only one of Garlock Packing Co's. 2,000 
products. You may order as a trial quantity 
as little as 10 ft. Teflon core & impregnation 
resist all but molten alkali metals & some 
freons. 


85A Valves. Cooper Alloy Corp. stainless 
steel valves are continually studied by field 
engineers who report findings at organized 
clinics. Arrangements for such @ clinic in 
your plant made by made through Cooper's 
Public Relations Division. 


86L Castings. High-nickel castings for ser- 
vice where conditions of high tempereture 
& corrosion exist are fabricated by Duraloy 
Co. If you wish, their metallurgist will 
study your particular problem. 


(Continued on page 70) 
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This giont pte twin shell blender has already blended millions of pounds of Durkee seasoning 
salts, loading efficiently from the floor above and discharging to the floor below. Blending, 
cleaning and maintenance time have been so reduced that this twin shell paid for itself in only 
o@ few months. Stewart Woodruff (right), head of Durkee’s research lab, conducted the extensive 


tests which led to the selection of the twin-shell blender. 


“Blends perfectly; virtually self-cleaning”: 


DURKEE SELECTS yo-Ic BLENDER AFTER LABORATORY “PRE-TEST” 


We're at Durkee Famous Foods, in Elmhurst, N. Y.... 
and you're looking at a 1000-Ib. p4c twin shell blender 
which was so thoroughly pre-tested, success was assured 
even before it was installed! 

Extra-effective blending is a must at Durkee, because 
physical segregation between various ingredients in 
Durkee’s onion salt and garlic salt is a problem. That's 
why, when it comes to choosing a blender, there could 
be no guesswork. 

The twin shell, along with other blenders, was put 
under careful scrutiny. A 4-quart p4 laboratory model 
underwent a series of tests in Durkee research labs. 


There, in much less than half the time needed to pro- 
duce a hand sample of almost perfect theoretical value, 
the pc twin shell, in test after test, produced identical 
samples. Because blending results obtained with twin 
shell lab models scale up accurately to production sizes, 
Durkee research men knew the twin shell was the “just 
right” blender for the job—before it was purchased! 

To find out how you, too, can “pre-test” a pte twin 
shell blender in your plant, lab or mill, write us today. 
Ask, too, for your copy of pe Catalog 13. It is free for 
the asking, of course. The Patterson-Kelley Co., Inc., 
1720 Lackawanna Avenue, East Stroudsburg, Penna. 


PATTERSON KELLEY 


Offices. 101 Park Avenve, New York 17 * Roilwoy Exchonge Building, Chicoge 4 * 1700 Walnut Street, Philedelphia 3 * 96-A Huntington Avenue, Berton 16 ond other principal cities 
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Filter Press Closer. A new unit called 
Hydro-Lock converts manually operated filter 
presses to hydraulic operation in less than 
an hour. Enables repeated closing to uni- 
form pressure, Biach Industries, Inc 


67R Viscometer. An 8speed viscometer 
from Brookfield Engineering Laboratories, 
Inc. is portable & permits of easy measure- 
ment of viscosity of any fluid. Readings 
to 1/5 of 1% with viscosity of | to 32 
million centipoises. 


B8TL Filter Media. If your filter process is 
giving trouble because of slurry containing 
slimy fines, gelatineous or minute particles 
there is an Eaton-Dikeman Co. filter paper 
to fill your need. Ask for a Filtration 
Analysis Report 


B8BL PVC Fittings & Flanges. From Tube 
Turns Plastics, Inc. unplasticized PVC fittings 
made by the Hendry process. Said to be 
superior to parts made by conventional 
methods. Resist both internal & external 
corrosion. 


891 Process Tanks. Whatever your process 
& regardiess of size or type there is an 
Alsop Engineering Corp. filter, mixer, or 
storage & mixing tank suitable for your 
use. Recommendations upon request. 


BOR Steam Jet Ejectors. Designed to 
handle corrosive vapors & maintain vacuum, 
durable Elliott type H ejectors. Made of 
Haveg, Permanite or other synthetic resin 
material. Elliott Co. 


9OL Filtration. Producti.n of pure, sani- 
tary water of better quality than ground 
water may be accomplished by use of the 
Ranney method available from Water Sup- 
plies, Inc. Entirely eliminates costly filter 
plants. 


GIL Speed Reducers. For high horsepower 
reduction with heavy shock loads, Herring 
bone reducers from Philadelphia Gear 
Works, Inc. Available in single, double & 
triple reductions, wide range of capacities 
& ratios 


Developments of the Month 
(Continued) 


114 ENGINEERING DATA ON FORGED 
STAINLESS AND ALLOY STEEL FITTINGS |» 
shown in a new 8-page bulletin illustrated 
with cross-sections and dimension diagrams, 
by Watson-Stiliman Fittings Division, H. K 
Porter Co., Inc. Screw-end and socket-weld 
types are listed in seven alloys, including 
three stainless steels, Monel, and three 
chrome-molybdenum alloys. Stardard 
classes in the screw-end type are 2,000 
3,000, & 6,000 Ibs.; welding fittings include 
the schedules 40, 80, 160, and double 
extra heavy. Besides complete dimensions 
and weights of fittings, the bulletin shows 


specifications, compositions, and mechanical 


test data for all listed alloys. For copies 
of this bulletin, circle number 114 on the 
data card 


(Continued on page 72) 


9IR Tantalum. Recommended for certain 
processes including most acid solutions & 
corrosive gases or vapors except HF, strong 
alkalis or substances containing free SO, 
tantalum is suggested by Fansteel Metal- 
lurgical Corp. when in spite of initial cost 
it is the cheapest material available 


92TL Tubing. Wilmad Glass Co. Inc. manu- 
factures precision bore tubing for use in 
barometers, bearings, viscometers & many 
other applications. Availabic in varicus 
shapes & sizes in Pyrex & Vycor brand 
& most electronic glasses 


Pumps. Eco Engineering Co. All- 
Chem rotary pumps are available from 
stock in capacities | to 10 gal./min., pres- 
sures to 150 |b./sq.in. Impellers of Teflon, 
Neoprene or Formica. 


93BL Rotameters. For measuring flow rate 
Schutte and Koerting’s Safeguard units. 
Feature long list of plus values. Full 
details available in bulletin 


93R Internally Geared Motor, Called 
Syncrogear, motor of 5 to 10,000 rev./min., 
Va to 30 hp. Seid to be more than a 
motor. Packaged assembly. U. 5S. Electrical 
Motors Inc. 


MA CHECK your Data 
Service requests on 
the handy postcard 
on page 65 to 


GET up-to-the-minute 
catalogs, data sheets 
and bulletins on new 
chemical products, 
processes and equip- 
ment. 


95R Drying Agent. Called Florite this 
economical granular drying agent offers 
longer service life, gives low dew point 
depression, & agressively resists poisoning 
effects. Floridin Co 


96 Air Pollution. A valuable aid to 
offsetting air pollution problems contained 
in the Bendix-Friez Aerovane system. Auto 
matically controls actuation of equipment 
such as fans, blowers, etc. Bendix Aviation 
Corp 


97TL Gear Pumps. for solution of pump: 
ing problems in every field & of many 
kinds of materials investigate Schutte and 
Koerting gear pumps. Cooperation avail 
able on special requirements 


97BL Spray Nozzles. Properly engineered 
spray nozzles can help to do things better 
& faster. Spraying Systems Co. an authority 
in this field show you how & why in their 
catalog 


97R Car Puller. An ideal cost-saving unit 
for installations, large or small, requiring 
movement of railroad cars. One man with 


single unit can spot up to 6 fully loaded 
box cars quickly. Stephens-Adamson Mfg 
Co 
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98L Air Reguletorfilter, A combination 
regulator & filter from Ace Glass Inc. for use 
where clean, fine filtered air & accurate 
pressure regulation are desired. 


99TL Filter & Filler, Two Erte! Engineering 
Corp. units for use in making small pro- 
duction efficient. Equipped with all features 
of high production equipment. Detailed 
information on request. 


99BL Heat Transfer Units. From Schutte 
and Koerting Co. standard or special heat 
transfer units for service in the petroleum, 
power, & chemical process as well as other 
industries. Two- & single-pass designs 


99R Pumping. A progress report on pump- 
ing for use by chemical engineers & an 
invitation to consult on your own pumping 
problems. Aldrich Pump Co 


1OOTL Filter. An enclosed horizontal filter 
claimed to be leakproof & vaporproof, for 
batch or continuous operation. Cake re 
mains in place when run is interrupted 
Easily cleaned. T. Shriver & Co., Inc 


1008L Nozzles. Spray Engineering Co. 
manufacturers of every type of nozzle invite 
your attention to their complete catalog. 


Processing Equipment. Whatever 
your need in the field of heat & corrosion 
equipment, or processing equipment, Misco 
Fabricators, inc. are prepared to design & 
build it for you. 


1O1R Bubble Caps. This particular iter 
is indexed in Chemical Engineering Catalog 
by 26 companies. Just one example of the 
wealth & variety of data to be found there- 
in. Reinhold Publishing Corp 


1024 Silicone Defoamers. Production rises 
when foam decreases. Three available types 
all effective at low concentrations. Samples 
available. Dow Corning Corp 


102BR Piping Systems. Published by John 
Wiley & Sons, Inc. a book titled “Design 
of Piping Systems.” Written by members of 
the staff of M. W. Kellogg Co. it covers 
the entire subject. 


103TR Slurry Pumps. Presently in use two 
Nagle Pumps, inc. 4 in. type T units in a 
2-stage installation handling 600 gal./min 
fly ash slurry against 400 ft. of head. Pump 
may be easily dismantied. For use on 
gritty, abusive jobs 


1038R Process Equipment. Edw. Renne- 
burg & Sons Co. offers a complete line of 
dryers, ammoniators, granulators, coolers, 
& other equipment 


105A Research & Development Center. 
Men interested in scientific research are 
needed by the Jet Propulsion Laboratory of 
California Institute of Technology. See list 
of openings 


109TL Pyrometer, quick-acting, light 
weight, accurate surface pyrometer Fea- 
tures 4%4 in. direct reading dial Five 
standard ranges. Pyrometer instrument Co 


1098L Dust Sampler. Called Konisampler 
this unit from Joseph B. Ficklen, ||! employs 
the principle of thermal precipitation 
Secures particulate matter suitable for 
permanent records 
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Economy Buy for Many 


Process Services 


IN PULP AND PAPER, WOOD TREATING, 
CHEMICAL, PETROLEUM, ETC. 


Cross section, Check, No. 14493 
Flanged ends 


WORKING PRESSURES: GATES AND CHECKS 


12 in. and smaller — 200 psi W.O.G. 
14 in. and larger — 150 psi W.O.G. 


Crane Nickel Cast Iron Valves 


Cross section, Gate, No. 14477 
Flanged ends 


IMMEDIATE DELIVERY from Factory Stocks 


Why wait for low nickel alloy cast iron valves 
when you can get Crane quality—at no extra 
cost —immediately from factory stocks? Gates 
on hand in sizes: 2” —2'4” —3” —4” —6” —8” —10” 
—12”—14”—16”—18”. Checks in all the same 
sizes up to 12” incl. (14”—16” —18” will be made 
to order). This delivery offer good while present 
stocks last. 


These valves have an outstanding record in the pulp 
and paper industry in handling various alkaline liquors. 
In wood treating they're used successfully on creosote 
vapors and oils. They're ideal, in the petroleum indus- 
try, for handling oils containing traces of mineral acids. 
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Cc R A N E. Since 1855 


VALVES & FITTINGS Pipe KITCHENS © PLUMBING HEATING 
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Crane 18-8 SMo alloy trim in these valves combines 
with nickel alloy body to assure tight seating and 
smooth, maintenance-free operation. The gates have 
Crane features such as: full-length disc guides. . . 2- 
piece ball-type gland . . . T-head disc-stem connection, 

The checks feature all 18-8 SMo trim, including body 
ring, disc, hinge and hinge pin in sizes 2 to 12 inches. 
Valves 14 inches and larger have disc same as body, 
with 18-8 SMo disc faces. 

You'll save with these valves on original cost and 
maintenance. Call a Crane Representative for imme- 
diate delivery! Crane Co., General Offices, Chicago 5. 
Branches and Wholesalers in all industrial areas. 
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products-(con.) 
COA 


109R Tempersture & Measurement Control. 
Called Xactline unit controls temperature 
aviomatically. Hand pyrometer called Xac- 
temp for quick, accurate temperature read- 
ing. Claud S$. Gordon Co 


1100 Controls. A variety of controls for 
pressures, temperature, liquid level & other 
uses for indoor, outdoor & hazardous loca- 
tions, all with sesled mercury contacts. 
Mercoid Corp 


Jet Vacuum Equipment. Types of 
equipment in the field & available from 
Croll Reynolds Co., Inc. are listed in ad, 
plus information on the development of 
je? units. 


Heat Exchangers. High pressure heat 
exchanger sections form the product of 
Brown Fintube Co 


OBC Fluid Mixing. You neither should nor 
need to guess about fluid mixing. Much 
late information available from Mixing 
Equipment Co., Inc. 


materials- 


1 Plastolein. Now available on @ com- 
mercial basis, Plastolein 9404 (triethylene 
glycol dipelargonate). Has valve in plasti- 
cization of synthetic rubbers, as a low 
temperature plasticizer it imparts other 
characteristics which make it an economical 
replacement for materials now in use 
Emery Industries, Inc. Technical bulletin 


2 tLaeury! Alcohols. Added to a line of 
higher fatty alcohols from Rohm & Haas 
Ce. are two new ones, Dytol 168 & 95% 
lavryl alcohol. As antifoaming & emulsi- 
fying agents these materials are of interest 
for textile & surface-active agent applica 
tions. Also as intermediates as polymeriza- 
tion regulators for synthetic rubber & other 
uses 


3 Foam Rubber Deodorant. Deodorizing 
polyurethane plastics on a commercial scale 
has been realized with development by 
Witco Chemical Co. of an odor-free, more 
efficient emulsifier-coupler. Technical bul- 
letin itemizes physical properties, gives 
data on solubility & dispersability 


4 Curing Agent. Available in experimental 
quentities Epon curing agent T. Principal 
use said to be in room temperature con- 
tact pressure laminating, in the tooling 
field & automobile body patch kits. Shell 
Chemical Corp. 


5 Chemical Products. Ansul Chemical Co 
have available two new bulletins. One 
analyzes properties of four new Ansul 
ethers. The other analyzes DMB. (di- 
methoxy benzene), a solid crystalline di- 
ether, & HA. hydroxy anisole 


6 Sede Ash. From American Potash & 
Chemical Corp. a folder on Trona soda ash 
Covers various grades, distribution & other 
material pertaining to industrial applications 


7 Etho-chemicals. A new booklet called 
Armour Etho-chemicals from Armour & Co 
déxribes properties & applications of 
ethylene oxide derivatives of fatty acids, 
fatty amines & fatty amides. Materials 
have proven use in textile, cosmetics, petro- 
leum, and other industries 


MA CHECK your Data 
Service requests on 
the handy postcard 
on page 65 to 


GET up-to-the-minute 
catalogs, data sheets 
and bulletins on new 
chemical products, 
processes and equip- 
ment. 


8 Monohydric Alcohol. Abitol, « primery, 
monohydric alcohol, is subject of technical 
booklet from Hercules Powder Co. Major 
use is in alkyd resins. Sections on physical 
& chemical properties, use in alkyd resin 
design, applications 


9 Rubber Chemical. Formerly called in- 
dulin 70-GR-S & now named Polypol $70, 
@ material from West Virginie Pulp and 
Paper Co. for use in semi-hard rubber 
compounds is covered in technical bylletin 
203. Gives comparative properties of semi- 
hard compounds made with named material 
vs. the 1,500 type GR-S copolymer 


DEVELOPMENTS OF THE MONTH (Cont.) 


115 FLOW  ODIA- 
GRAMS OF OUT- 
STANDING PROC- 
ESSES IN THE 
PETROLEUM REFIN- 
ING INDUSTRY are 
shown in 69-page 
brochure by Foster 
| Wheeler Corporation 
Clear presentation of flows of charge, 
intermediates, and products through 41! 
processes, with operating data whenever 
available from licensor companies. Among 


Page 72 


refining methods featured are catalytic 
cracking, reforming, and polymerization, 
desulfurization, solvent naphtha fractiona- 
tion, thermal cracking, and reforming, 
treating and sweetening, and LPG recovery 
Each flow diagram is accompanied by ex- 
planatory text, and in many cases photo- 
graphs of existing operating units are 
shown. With but three exceptions, the 
diagrams are factual representations of the 
flows in Foster Wheeler designed units 
Circle Number 115 on date post card 

(Continued on page 74) 
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10 Organic Chierine Compounds. A 48- 
page book titled “Organic Chiorine Com- 
pounds.” Recently published by Carbide 
and Carbon Chemicals Co. Discusses applica- 
tions of 18 products, their solvent prop- 
erties, handling & storage. Includes data on 
physical properties, test methods, constant 
boiling mixtures, fourteen charts on physical 
property data 

11 Industrial Chemicals. Available from 
Tennessee Corp., industrial & agricultural 
chemicals as described in recent folder 
Samples & information available 


12 Diisocyanates. Six technical bulletins 
cover Nacconates (diisocyanates) their prop 
erties & reactivity. Bulletin 1-17, 24 pages, 
include generic properties, 27 basic reac- 
tions, eight pages of suggested uses. Five 
supplementary bulletins give specific tech 
nical data. National Aniline Div., Allied 
Chemical & Dye Corp 


14 Cyclohexanol. A revised technical date 
sheet from Monsanto Chemical Co. on cyclo- 
hexanol illustrates typical reactions such as 
ester formation, dehydration & oxidation to 
cyclohexanone & adipic acid. Major uses 
are in products such as cleaners, solvents, & 
specialized soaps 


15 Solvents & Solvent Oils. A 6-page bul- 
letin on Picco solvents & solvent oils is 
available from Pennsylvania industrial 
Chemical Corp. Includes charts showing 
typical analysis & distillation range for 
various grades 


16 Tertiary Amines. Known as Armeen 
M2HT, M2C, & M2S these amines have 
both their alkyl groups derived from hydro- 
genated tallow, coco or soya respectively 
Recently made available by Armour and Co 
materials are covered in a technical bul 
letin which treats solubility, physical prop- 
erties, reactions, uses, etc 


bulletins- 


20 Steel Plate Handbook. From Posey lron 
Works, Inc. a loose-leaf handbook on steel 
plate construction. Supplies detailed data 
on tank sizes, codes, welding, bursting 
strengths & other pertinent factors 


21 Dryers. Multicolored bulletin from 
Silver Engineering Works, Inc. on the Parry 
dryer. This new process features turbulent 
entrainment. Controlled temperatures plus 
high rates of heat transfer remove surface 
moisture almost instantly, inherent or com- 
bined moisture in seconds 


22 Colorimetric Analysis. W. A. Taylor 
Co. hes just released the 25th Anniversary 
edition of its handbook “Modern pH and 
Chlorine Control,” incorporating the theory 
& practice of colorimetric analysis. This 
pocket-size, 100-page booklet serves as 
handy reference for quantitative determina- 
tions of pH, chlorine, bromine, & other 


special tests 


23 Metallic Stearates. The properties & 
uses of metallic stearates are the subject 
of @ bulletin from Witco Chemical Co. Lists 
composition of 46 stearates, shows graph- 
ically the industries which employ them & 
gives analysis of recommended applications 


(Continued on page 74) 
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the one (and only) stainless steel 


Here is a stainless steel rotary pump that is really 
different! The unique “‘flex-i-liner’’ design eliminates 
stuffing boxes, shaft seals, gaskets or check valves. 
It limits fluid contact to the stainless steel housing 
and the durable plastic or rubber flexible ‘iner, 
making the “‘Flex-Alloy” ideal for the toughest cor- 
rosives and abrasive slurries. 


“Flex-Alloy” pumps are self priming, and their 
gentle pumping action permits safe handling of 
shear sensitive emulsions and suspensions. Pump 


Bulletin VP561 on request 


units are available in capacity ratings from ‘4 to 20 
gpm and can be furnished direct connected to con- 
stant or variable speed motor equipment. Vacuums 
up to 26" of mercury are developed. 


Housings: Regularly furnished in type 316 stainless 
steel. Other alloys are available on request. 


Liners: Available from stock in Neoprene, Buna N, 
gum or natural rubber, Hycar, Hypalon, Silicone, 
Vinyl! or Compar. 


WANTS 


PUMP & EQUIPMENT CORP. 


division of Cooper Alloy Corporation HILLSIDE, N.J. 
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| VANTON “flex-alloy” stainless steel rotary pump 
rotary pump without stuffing boxes §& 
or shaft seals! 
if 


“Kerodex” Protected Hands are 
Plunged in Sticky Tar Then Quickly 
Washed Clean Without Serubbing. 


“Kerodex” provides really effective protection against 
the many skin irritants encountered in industry. It 
spreads on like a cream but acts like a glove that is in- 
visible yet strong and as elastic as the skin itself. Does 
not smear. Does not affect materials handled. Write for 
full information on “Kerodex”® barrier creams to 
Ayerst Laboratories, 22 East 40th Street, New York 
16, N. Y. 5553 


A Book You Should Have 
on Mechanical Sealing... 


A complete reference catalog on 
Dura Seal—the engineered mechan- 
ical seal that rotates with the shaft. 
Amply illustrated . . . specific appli- 
cations . . . installation data. A fact 
book of real value to designers, oper- 
ators and maintenance departments. 


WRITE FOR DURA SEAL CATALOG NO. 455-CEP 
DURAMETALLIC CORPORATION 


KALAMAZOO, MICHIGAN 
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bulletims-(cont.) 


24 Centrifugal Pumps. A revised bulletin 
from Worthington Corp. presents informa- 
tion on single stage vertically split process 
pumps with capacities to 1,200 gal./min. & 
heads to 475 ft. Outline drawings show 
typical sections of various units. Chart lists 
other pertinent information. 


25 Oscilloscopes. From Tektronix, inc 
short form catalog on cathoderay oscil- 
loscopes & auxiliary instruments. Units are 
quickly & easily converted to variety of 
applications by plugging in appropriate 
vertical preamplifier. Easy to handle & 
with low space requirements 

26 Plastics & Resins. New, revised, “1956 
Condensed Reference File of Bakelite 
Plastics and Resins,” offered by Bakelite 
Co. 12-page summary of technical data 
about wide range of special & general-pur- 
pose phenolic, vinyl, polyethylene, other 
plastics & resins, plus Krene film & sheeting. 
27 Dylan Polyethylene. Just issued by 
Koppers Co. two technical bulletins de- 
scribing in detail application of Dylan 
polyethylene for extrusion into various 
types of pipes & piping as well as applica 
tion in injection molded pieces. Sections 
on characteristics, applications, technical 
service & other features. 

28 ‘Stainless Fasteners. A well illustrated 
52-page stainiess fastener data book is 
oftered by Allmetal Screw Products Co., Inc 
Thumb-indexed for easy reference, book 
contains thread & size specifications,. & 
availability in variety of corrosion resistant 
metals of 40 basic fastening devices such 
as screws, bolts, nuts & the like. Includes 
engineering data, composition, properties, 
weights of stainless, other tables 

29 Aluminum Alloys. Commercial alum- 
inum alloys are the subject of a brochure 
from Peter A. Frasse & Co., Inc. describ- 
ing in detail the general properties, fab- 
ricating characteristics, typical applications, 
& available size ranges of each alloy 

30 Process Plants. Design, engineering, 
construction & initial operation of indus 
trial plants detailed in a 20-page catalog 
from Blaw-Knox Co. Industries considered 
are general industrial chemicals; fine chem 
icals & pharmaceuticals; organics, dyes & 
intermediates; food processing; resins & 
plastics, plus many others. Also considered 
are plant rehabilitation & modernization. 


Developments of 
(Continued) 

116 FACT FILE ON CHLOROWAKX, in the 
form of a new, illustrated ready-reference 
manuel of 36 pages, lists available grades 
and reviews their principal fields of applica- 
tion. A series of tables covers typical 
characteristics and physical properties of 
this chlorinated paraffin, including compati- 
bility, heat stability, viscosity, specific 
gravity, solubility, and miscibility. The 
booklet, expected to be of widespread 
interest to producers of paints, plastics, 
printing inks, adhesives, and rubber, is 
issued by Diamond Alkali Company. Circle 
number 116 on data post card. 
(Continued on page 76) 
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catalogs, data sheets 
and bulletins on new 
chemical products, 
processes and equip- 
ment. 
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31 Piping Flexibility Analysis. How pro- 
cessing & power piping costs may be sub 
stantially reduced both in materials, design 
& construction is the subject of a |12-page 
brochure from M. W. Kellogg Co. Gives 
details of general analytical method of pip- 
ing flexibility analysis. Not based on ap- 
proximations. Describes Kellogg's piping 
model test & electronic computing facilities 
Feature of book is solution of a typical 
piping stress problem by general analytical 
method & model test 


32 Heat Exchangers. Complete product 
information on Falls Industries, Inc., two 
newest impervious graphite heat exchangers 
covered in 12-page, 2-color catalog. Cubical 
unit provides greatest amount of transfer 


service per unit of volume. Cross-Bore 
exchangers vtilize one-piece cylindrical 
bundle. Same overall dimensions 4s staen- 


dard shell & tube unit 
150 to 200 Ib/sq.in 
corrosives contact only graphite surfaces 


33° Packaged Turbo-Dryer. for smal! pro 
duction such as pilot plant & experimental 
drying operetions the packaged Turbo-Dryer 
from Wyssmont Co., Inc. Illustrated folder 
describes these small units which are said to 
embody same efficiency & economy features 
as larger models. For use in the chemical 
food, pharmaceutical, plastics & processing 
industries 


Operating pressures 
Constructed so that 


34 Liquid Level Control. in new 8-page 
bulletin Foxboro Co. describes closed tank 
liquid level measurement & control with 
new type 13 LA d/p cel! liquid level trans 
mitter, Said to be essentially same as 
familiar force balance differential pressure 
flow transmitter with exception of addition 
of simple range suppressor spring. Balances 
out effect of hydrostatic pressure in piping 
line from high point of tank 


35 Spectrophotometer. 
ysis form provides method for estimating 
present & potential work load on a labore- 
tory for analysis. Also 
indicates typical anslyses on near-infrared 
spectral region. Beckman Instruments. Inc. 


A 4page anal 


spectrochernical 


36 Controls. New 52-page catalog de 
scribes & illustrates entire line of Mercoid 
Corp. controls based on sealed mescury 
contact switches characterized by silence, 
non-wearing properties & immunity to dirt 
& corrosion. Complete reference data on 


types, operating ranges & specifications 


(Continued on page 76) 


Typical Turbo Electrical 
Pane! unit, the heart of 
Turbo aviomatic opero 


Turbo High Pressure Steam and Vacu- 
um Cabinets used for processing in 
bulk with trays, or cons. 
Interior copacity: 18 cubic feet. 


OXO 


tron and high efficiency 


-------- 


Turbo Machine Company 


Self generating steam 
units. Cold water to 
steam in 90 seconds. 


Since 1929, Turbo has been designing 
and building equipment for drying and 
steam processing 


drying equipment so automatic 
and dependable that it takes the 
guesswork completely out of the 
process 


steam processing equipment, 
either high or low pressure, for ster 
ilization, food preservation, textile 
processing. 


The same automatic, semi-automatic or 
manual controls the same conveyor 
ideas, the same electrical panel controls, 
when combined by Turbo skill, umagi 
nation and experience, can be the solu 


tion to your process problems 


Turbo facilities are complete. Design 
and engineering departments 

machine shops tooling departments, 
all function as one to get you what you 
want. There's an easy way to determine 
just what Turbo can do for you — give 
us a few facts about your requirements 
No_ obligation — the 


your convenience 


coupon is for 


TURBO 


MACHINE COMPANY 
LANSDALE, PA. 


ATTENTION: E. J. Berger, Vice President 


Lansdale, Pa. 


We'd like to discuss Turbo Engineered Processing for the following purpose 


Present processing method 


City 
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TAYLOR 
COMPARATORS 


help you control 
CRYSTALLIZATION 


> BLEACHING 
PRECIPITATION 
EXTRACTION 


5 


WASTE TREATMENT 


with fast, easy 
PH and 
CHLORINE 


analyses 


Handy kits help you control 
unit operations and waste dis- 
posal with fast, accurate colori- 
metric analyses... right on the 
spot. By Taylor's simple visual 
methods, you can determine 
pH, chlorine, bromine, phos- 
phate, QAC, nitrate and metal 
ions quantitatively in only 
three easy steps . . . just take 
your sample, add reagent and 
read direct after comparing 
with a standard. Test kits are 
completely portable for use by 
plant supervisors and foremen 
as well as in the laboratory. 


"COLOR STANDARDS 
GUARANTEED 


Taylor liquid color standards 
carry an unlimited guarantee 
against fading . . . no danger 
of mechanical inaccuracy. 
Each complete set of stand- 
ards is mounted in a light- 
weight, durable plastic slide... 
no single standards to handle. 


CALL YOUR LABORATORY SUPPLY HOUSE 

- for Teylor sets of write direct for 
FREE HANDBOOK, "Modern pH 
end Chlorine Control”. Gives 
theory and applicetion of pl 
control, Hustrates and describes 
full Teytor line 


W. A. TAYLOR %:° 


412 RODGERS FORGE RD + BALTIMORE 4 MD 


equipment- 


65 Electric Steam Boiler. Larger capacity 
models of the Hot Shot boiler are being 
introduced by Automatic Steam Products 
Corp. Eight models in different sizes. Units 
are portable & compact, fast steaming, with 
full pressure obtained in 20 min 


66 Ultrafiltration. Developed by the 
Wheelbrator Corp. « process for super clean- 
ing atmospheric air with industrial-type 
filtration equipment. Employs conventional 
dust collectors of tubular cloth filter type. 
Involves charging filter aid which precoats. 
Advantage lies in high cleaning efficiency 
& almost no maintenance expense 


67 Tube Bender. Called Exactol & intro 
duced by Parker Appliance Co. instrument 
ls compact, crank-operated, worm geared 
for manual bending to exact tolerances 
Can handle annealed of VeH cold drawn 
stainless steel tubing easily. Grooves ac- 
commodate tube sizes V4 to % in. od. 
Binder insert catalog available 


68 Rotary Feeders. Recently unveiled by 
Prater Pulverizer Co. is a new design blow- 
thru rotary Airlock feeder. Design meets 
needs of high & low pressure systems in 
process industries Applications range 
from fine dust removal in cyclone collectors 
to feeding ground products to pneumatic 
conveying systems ‘ 


69 Viscosity Controller, A pneumatically 
operated viscosity controller new with Nor- 
cross Corp. uses an air cylinder to raise 
a4 piston which draws a sample into the 
measuring element. Time required for 
piston to fall by gravity is measure of 
viscosity. Control station measures time of 
fall & opens valve to add solvent when 
required 


70 Shell & Tube Heater. Fabricated from 
Pyrex glass a shell & tube heater introduced 
by Corning Glass Works. Unit has capacity 
of 50 sq.ft. Developed to heat corrosive 
liquids (except hydrofluoric) in glass tubing 
by introducing steam into an enclosing 
steel jacket. Also heats coke by-product 
corrosive oils & liquids for steel pickling 
& electroplating. 


Developments of the Month 
(Continued) 


117 APPLICATION OF ULTRASONIC GEN- 
ERATORS to many problems in the chemical 
process industries may be aided by pub- 
lication of @ new and comprehensive 
booklet, titled “Design of Nickel Magneto- 
striction Transducers,” by Boyd A. Wise of 
Battelle Memorial Institute. Transducers are 
used to convert electrical input energy to 
mechanical output energy or vice versa 
The fully-illustrated booklet summarizes all 
practical experiments to guide the engineer 
toward a workable design in exploring new 
fields in the utilization of sonic and vltra- 
sonic energy. Performance limits, construc- 
tion, and operation are covered in 38 pages, 
with charts and diagrams, and 4 33-item 
bibliography is included. The International 
Nickel Company, inc. Circle number 117 
on data post card. 
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71 Thermocouple Connector System. Now 
@ “Do-lt-Yourself” unit for use in laboratory 
or plant. Components or complete assem- 
blies quickly & easily assembled from 
standard interchangeable parts, available 
from stock. Plug & jack inserts fabricated 
in four alloys for various types of thermo- 
couples. Marlin Mfg. Corp 


72 Tantalum Corrosion Test Kit. A tan 
talum corrosion test kit, convenient for use 
in laboratory or in process equipment 
available without charge to pilot plant & 
research technicians. Tantalum is immune 
to attack by most acids (even at boiling 
temperatures), wet chlorine, chlorine diox- 
ide, bromine, iodine & halogen compounds 
except fluorides Fansteel Metallurgical 
Corp. 


73° High Pressure Autoclave. Developed 
by High Pressure Equipment Co., Inc. a 
high pressure autoclave with water-cooled 
drive shaft. Agitator designed for all types 
of catalytic material from gases to solids 
Pressure safety innovation is completely 
enclosed base. Pressures 500 to 30,000 Ib./ 
sq.in. capacities | liter to 20 gal. Manvu- 
factured in variety of materials. 


74 Centrifugal Pumps. Norwood Works of 
Allis-Chalmers Mfg. Co. announce develop- 
ment of leakless, general purpose centri- 
fugal pump lines, utilizing canned motor 
principle. Designed for handling precious 
or hazardous liquids where leakage cannot 
be permitted. Aveilable in «1 fractional 
horsepower line including motors through 
2 h.p., & an integral horsepower line also 
having motors through 2 h.p. Accommodate 
heads to 250 ft. & temperatures to 250° F 
with capacities to 500 gal./min. 


75 Filter Devices. New devices for in- 
creasing filter performance & convenience 
now available on filters built by Industrial 
Filter & Pump Mfg. Co. Illustrated bulletin 
shows cutaway drawings, lists features & 
applications. Filter leaves may be lifted 
from manifold without unbolting, bottom 
& top outlet leaves, has a quick opening 
cover, other conveniences. 


76 Gearmotors & Motorgears. From Link- 
Belt Co. a completely new line of these 
units in keeping with new NEMA motor 
sizes which deliver more horsepower per 
pound Compactness achieved through 
arrangement of hardened gears. Ratio 
changes simplified through use of but one 
low-speed geer set per drive size. Operat- 
ing parts easily accessible. Bulletin avail 
able 
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this man’s plant 
is equipped with... 


PROCESS 
FILTERS 


If you would like information 


on the efficient, trouble-free, high 

production Process Filters, contact 
Mr. Edward A. Ulrich, 
Vice President 


re 

00 

VERTICAL LEAF VERTICAL BATCH HORIZONTAL LEAF HORIZONTAL BATCH CARTRIDGE 
FILTERS FILTERS FILTERS FILTERS FILTERS 


PROCESS FILTERS, INC. 
1807 Elmwood Ave., Buffalo 7, N. Y. 
A subsidiary of BOWSER, Inc. 


Ask about tne time payment 
19) plon for capital investments 
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™ 7 | INDUSTRIAL NEWS 


Research Laboratories 
The Norwich Pharmacal Co. 
Norwich, New York 


LABORATORY SAMPLE FROM 


RESEARCH LABORATORIES — 
DESIGNED — ENGINEERED and 
Constructed to answer your needs 
and the competition of tomorrow 


Research or Control laboratories are intricate feats of design. 
Everything must be planned, designed and equipped to 
produce utmost efficiency and successful results. 


Wigton — Abbott Corporation has had long experience in 
creating and developing Research Laboratories in all fields 
of industry. A long list of satisfied clients will certify our 


proficiency in Engineering and Construction. 


Wigton — Abbott welcomes your inquiry and the opportun- 
ity to place our experienced organization of specialists at 


your service. 


Wioton _Nbbott Gorporation 


GINEERS & 
AND PROCESS DESION, — CONSTRUCTORS 


INDUSTRIAL DESIGN 
AND CONSTRUCTION, mole Office 


SURVEYS, REPORTS 
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sludge into lagoons where the material 
is dewatered. Objections to thrs: High 
cost, accumulation of large quantities of 
sludge presenting a difficult disposal 
problem 

In the Blaw-Knox Ruthner process, 
designed to be a completely positive 
answer to the problem by producing 
only reusable materials with no by- 
products, the entire sulfate equivalent 
of the waste liquor is regenerated as 
fresh sulfuric acid for reuse in pickling 
steel. The iron in the pickle solution 
is recovered as essentially pure iron 
oxide, and is recharged to the blast 
furnaces 

Basic reactions of the process were 
discovered by Othmar Ruthner of 
Vienna, extensively developed by Blaw- 
Knox and converted to American prac- 
tices and standards 

Engineers will be following the re- 
sults of the demonstration plant very 
closely. It could be the answer to a 
long-standing headache 


The rapidity of growth and change in 
the process industries is demonstrated 
once again in the phenomenal expan- 
sion of Industrial Filter and Pump 
Manufacturing Co., Chicago, which re- 
cently broke ground on its second 50% 


expansion project in the last three years 


R. E. Liedberg, exec. v.p., turns ground 
for $500,000 expansion. 


Ihe company, a 30-year-old specialist 
in plating equipment, only went into a 
serious push for chemical equipment 
business in 1951 with a line of filters, 
heat exchangers, pumps, and waste treat 
ment equipment. Since 1953 the com 
pany will have increased its plant size 
100% when the new $500,000 expan- 
sion is on stream. The engineering staff 
has gone up 300% since then, the chem 
ical engineers 400%. 

Basing its growth on a line designed 
for adaptation to customer needs, the 
company is now following the policy of 
“completely engineered installations.” © 
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i PICKLE LIQUOR 
| 
" 
| 


5’ Dia. x 16° Long 
Horizontal Dryer 
with spring 

loaded scraper 
agitators in place 


HORIZONTAL PROCESSING 
by Bethlehem 


Horizontal Processing Offers These For Difficult Operations 
Solutions to Processing Problems: Such As: 


@ Continuous or Semi-continuous 


Operation @ Evaporation of Water and Solvents 


f ies, Slud d Past 
Processing of High Consistency rom and Vertes 


Materials @ Reaction Between Gases, Solids or 


High Heat Transfer Rate, Vigorous Materials of High Consistency 
Mixing, and Intense Shearing 
@ Drying of Solids 


Reasonable Power Input for 
Agitation @ Continuous Production of Such Prod- 


Exposure and Renewal of Surface ucts as Formic Acid and Gypsum 


Bethlehem Horizontal Dryer For Sludge Operates Semi-Continously 
Horizontal, mechanically agitated dryer evaporates organic liquid from ore sludge. Agitator assembly 
Thermocoil construction (cast iron with cast-in steel coils) for shell is especially 
useful for circulating liquid heat transfer such as molten salt or Dowtherm. Cast 
Call on Bethichem's yeors of experience 


iron shell, machined inside, provides an even, non-galling surface for scraper ond talidinn 


agitators. Fabricated agitators of abrasion resistant steel are specially to solve your horizontal processing opplicotion 
We hove designs which may be easily odopted 
designed for obtaining high heot transfer despite coking effect of sludge or we Gollan 


drying ot the wall. Agitators and entire unit constructed for ease of mainte- to {it your process. 
nance. Unit is self-discharging. 
For complete details call in one of our engineers. 


BETHLEHEM FOUNDRY & MACHINE CoO. 


Hundredth Anni HLEHEM 
BETHLEHE 
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NEW PLANT, NEW PROCESS 
FOR HYDROGEN PEROXIDE 


As pioneers in the filter press field, and one of the oldest and fore- a racy tad coat 


most manufacturers of filtration equipment, D. R. SPERRY & CO. is well , 

qualified to evaluate your specific Sevetion requirements. sion’s new Syracuse plant which 
Sperry Research has categorically filed over 60 years filtration ex- uses new chemical process. 
perience from continuous field reports and laboratory tests. Sperry With Canada, world’s leading pro- 
Engineering applies filtration’s most advanced thinking in the develop- ducer of newsprint, predicting a sharp 
ment of new products and new methods for obtaining better filtration increase in world requirements, ex- 
at lower cost. pected to go as high as a 100% in- 
Working side-by-side, Sperry Research and Sperry Engineering offer crease by 1980, the going on-stream of 
today’s best source of information and equipment for tomorrow's Solvay Division's new hydrogen perox- 
production needs. ide plant assumes increased significance 
—since one major use for hydrogen 
peroxide is as a bleach for ground 
wood pulp used to make newsprint. At 
present Canada produces 6,180,000 tons 
of newsprint per year, expects an in- 
crease to 12,500,000 by 1980. 


aA complete range of 
styles and sizes... 
standard or special . . . 
for every filtration 
need. With center, side, 
or corner feed; open or 
closed delivery; simple 
or thorough washing; 
jacketed plates for fil- 
tering at controlled 
high or low tempera- 


tures. With such an increase in newsprint 


requirements expected, abundant hydro 


gen peroxide is an important factor, 
since it makes possible the use of ground 
wood pulp which, in turn, results in a 
more complete utilization of wood stock 
than other paper producing methods, 
contributing to conservation of forest 
resources. 


SPERRY Closing Devices Solvay’s plant itself, a major installa- 


Sperry offers the widest of Clos- tion, occupies an 8-acre plot in Syra- 

All types . . . all sizes. ing Devices to match your filter design cuse, comprises a number of buildings 

Plain or punched to your needs. Each engineered in its own way for the various operations involved, in- 

are furnished in wool, filter cloths. Choose from nine popu- purification. 

synthetics, glass and lar models—including the new easy-¢é 

metals. to-install HANDRAULIC and the pop- New Process 


By Engineering and long range attention 
Filter Presses or field installed in is centered more on the new process 
existing presses of any make. used than on the plant itself 
Initiated by Allied Chemical’s Cen- 
Send for SPERRY CATALOG New Handraulic | tral Research Laboratory at Morris- 
Complete with chorts, tables, and dic- Closing Device town, N. J., and perfected by a team 
greme to help in the operation, moin- of chemists and chemical engineers in 
for Syracuse, the mew process is chemical 
of Catalog 7-E today, rather than electrolytic. Involving an 
oxidation reaction, the process is said 
to be the most advanced and efficient 
method developed to date for the manu- 
Audredge & facture of hydrogen peroxide. 
D. R. SPERRY, & co. ; *e Hydrogen requirements for the new 
process are supplied by Solvay’s nearby 
ILLINOIS chlorine plant, oxygen is obtained from 
the air. A thoroughly modern plant, 
the installation utilizes the latest devel- 


Son Preacisea 4. Coliternia Heuston 4, Teses 
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opments in plastics, metals, and struc- 
tural materials, makes extensive use of 
glass piping and glass lined equipment. 

The problem of trained personnel with 
a new process was solved by using a pro- 
totype pilot plant both to prove the 
process and train the operators. 

Hydrogen peroxide will be produced 
in both 35% and 50% grades, will be 
shipped in aluminum drums and tank 
Cars. 


Plant changes and additional equip- 
ment costing some $1,300,000, will be 
necessary at AEC’s Monsanto oper- 
ated Mound Laboratory because of 
the assignment to the laboratory of 
additional development and production 
work. 


Low-cost, Belgian developed, L’ Azote 
process for the economical production 
of synthetic ammonia from coke-oven 
gas, refinery gas, or any other sources 
of hydrogen, is now available in this 
country. 

Of primary interest to the steel in- 
dustry, where enough coke-oven gas is 
available to produce more than 11 mil- 
lion tons of ammonia, the process is 
now in the hands of Koppers Company, 
Inc., as holder of the North American 
rights to design, construct and license 
plants. 

Main advantages of the process: 
Higher efficiencies, utilization of waste 
heat. Oo 


Co-operative venture that will aid the 
process industries in the Kansas-Okla- 
homa area, includifg Kansas City, Mo., 
is the agreement between Brown Fin- 
tube Co., Elyria, O., and Western Sup- 
ply Co., Tulsa, Okla, under which 
Western becomes sales representative 
for Brown's heat transfer line. At the 
same time, Western will be enabled to 
go more deeply into the problems of 
the use of finned surfaces in shell-and- 
tube applications. 0 


Styrofoam, Dow's plastic foam, will 
be built by Dow at Ironton, O., and 
Riverside, Mo. 


A research contract for research on 
synthetic rubber manufacturing proc- 
esses has been awarded by Shell Chem- 
ical Corp. to the Government labora- 
tories at the Univ. of Akron. Work 
is expected to be completed by June 
1956. 0 


A two-year option has been taken on 
a new monozite (an ore of thorium 
and the rare earths) deposit by Lind- 
say Chemical Co., West Chicago, III. 
The deposit, located in northwestern 
Saskatchewan, holds the potential of 
being an important source of thorium. 0 
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Two new plants for the production of | 


‘ 


Another carload shipment of & process tanks, each 42" O.D. by 
long, fabricated at Downingtown of stainless steel, 304, 


REPEAT ORDERS PROVE 


Downingtown built means quality 


These eight stainless steel process tanks form just one of many car- 
load shipments ordered by one customer during the past several years. 


Complete satisfaction with workmanship, price and delivery— 
that's why so many leading chemical, refinery and other process 
plants turn to Downingtown again and again with repeat orders for 
their complex plate fabrication work. 


They know they can call on our experienced staff of engineers to 
help work out complex design and construction details. They know 
they can rely on Downingtown skill and experience for quality work- 
manship. They know Downingtown is thoroughly experienced in 
working and welding many alloys and clad materials, as well as the 
carbon steels and stainless steels. 


Put your plate fabrication problems into experienced hands—at 
Downingtown Iron Works. Code work a specialty, and authorized 
insurance company inspection regularly available. 


For further information, send for bulletin PF. 


Downingtown Iron Works, Inc. 


Downingtown, Pennsylvania 


New York Office: 52 Vanderbilt Avenve, New York 17, N. Y. 


HEAT EXCHANGERS « TOWERS © PRESSURE VESSELS STORAGE TANKS « STEBL AND ALLOY PLATE FABRICATION 
Division of: Pressed Steel Tonk Company, Milwovkee 14, Wisconsin * Manufocturer of Hackney Products 
CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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| INDUSTRIAL NEWS 
SILICONE EXPANSION 
BOOMS PRODUCTION 
Final unit in Dow Corning’s ex- 


panded silicone facilities is now 
completed, marked by immediate 


price drop. 
© STAINLESS STEEL Completion of the final unit in a $16 
« “WICHROME” million plant expansion program that 
: ° “MONEL” will more than double its capacity of 
methyl siloxane, has caused Dow Corn- 
+ PHOSPHOR BRONZE ing to announce an immediate 744% 
| price cut for its dimethyl silicone fluids 
and emulsions. 
| Since their development during World 
* FILTER CLOTH | War II, silicones have been among the 
© SPECIAL PARTS fastest-growing specialties in the chemi- 
i © STRAINERS cal industry. Dow Corning, world’s first 
© SIEVES and largest producer of silicones, has 


Complexity of silicone materials is partially 
seen by the complex maze of pipes ond tonks 
needed to produce them at Dow Corning’s new 
plant. 


Are you using wire cloth or wire cloth parts which must be 
corrosion resistant? Are the service conditions in your plant 
really tough? If you have a problem selecting the proper anti- 
corrosive alloy, Newark Wire Cloth may have the answer. 


Available in all corrosion resistant metals, Newark Wire 
Cloth is accurately woven in a wide range of meshes, rang- 
ing from very coarse to extremely fine. 


If you have a wire cloth problem involving corrosion, please , 
tell us about it... we may have the answer. Some of the most “hair-splitting” production 


line separations in the chemical industry are 
done in these fractionating towers ot the Dow 
Corning plont, where silicone intermediates with 

boiling points only 3° C. apart ore separated. 


seen its sales rise from $2 million to 
| almost $22 million in the last ten years 
a phenomenal growth of nearly 40% / 


ire Gloth 


Key to the great success of silicones 


i ©] M PA NY lies in their versatility. First used in 
351 VERONA AVENUE + NEWARK 4, NEW JERSEY (Continued on page 84) 
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PROCESSING FOR 
PROFIT 


with 


CB&I 


equipment Left Above: One 6'/, -ft. diam. by 73-11. stripper 


tower, a 5'-ft. diam. by 88',-ft. absorber 
The chemical industry literally “processes for profit.” tower and a 614-11, diam. by 20-41. accumu 
And it’s CB&I structures such as the stripper and absorber lator tank fabricated and erected by CB&I at 
towers, accumulator tank and Conkey dewaterer the National Petro Chemical Company, Tuscola, 
shown above that help to make the profit. Mi. for the Lemmus Company. 
Chicago Bridge & Iron Company has the experience, 
ability and facilities to design, fabricate and erect equipment 
to the exacting requirements that will enable you to 
process at a profit. When planning steel plate structures 
write our nearest office. Let CB&I provide you with the best 
when your requirements are the greatest 


Above: Excess water is removed from washed 
aluminum oxide abrasive by Conkey Rotary 
Hopper Vacuum Dewaterer. 


Chicago Bridge & Iron Company 


Plants im BIRMINGHAM, CHICAGO, SALT LAKE CITY ond GREENVILLE, 
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SERVICE 


REPORTS 
ON THIS) 
PACKING EVEN 
| SURPRISED US! 


Typical Service Reports 
on Lattice Braid Asbestos 
Packing with Teflon: 


@ Outlasted another Garlock Style 10 to 1 against 
blending waxes and steam for cleaning. 


@ Ouvtiasted competitor's packing 38 to 1 against 
caustic at 325°F., 50 psi. 


@ Ovtiasted other packings 3 to 1 against cold water. 


Don’t take our word for the greater strength, longer 
life of Larrice Braww with Teflon—try an initial order 
of 10 or more feet today. The Teflon core and 
impregnation resist everything except 
molten alkali metals and some freons. 


And, remember, Larrice Bra with Teflon is only 
one of the Garlock 2,000 .. . two thousand different 
styles of packings, gaskets, and seals to meet every 
conceivable need. It’s the only complete line available. 
It’s one reason why you can expect unbiased 
recommendations from your Garlock representative. 
Call him, or write for booklet 131. 


THE GARLOCK PACKING COMPANY, 
Palmyra, New York 


For Prompt Service, contact one of the 30 sales offices and warehouses 
throughout the U.S. and Canada. 


Cannocx 


Packings, Gaskets, Oil Seals, Mechanical Seals, 
Rubber Expansion Joints 
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the rubber industry as release agents 
for truck and passenger tires, they soon 
branched out into a myriad other uses. 
A major use was found in the develop- 
ment by Dow Corning of silicones as 
polishing agent in car and furniture 
polishes. Some other uses are: damping 
media, liquid springs, anti-floating 
agents in paints, liquid dielectrics, spe- 
cial lubricants for rubber and plastic 
bushings and gears. Most recently they 
have come into use in artificial lungs 
and cosmetics. 

With the new production, and the re- 
sultant price cuts, even more markets 
are expected to be opened. The new 
price schedules bring the prices of both 
dimethyl fluids and emulsions down to 
less than half their original level. 


A plant to produce 225 tons of sul- 
phur per day from natural gas will be 
built 50 miles southwest of Lethbridge, 
Alberta, by Canadian Gulf Oil Company, 
a subsidiary of Gulf Oil. O 


To realize a more extensive diversifi- 
cation into the rapidly growing field 
of automation, Walworth Co., New 
York, a leading producer of industrial 
valves and fittings, will acquire the 
Conoflow Corp., Philadelphia, a pro- 
ducer of final control elements, includ- 
ing automatic control valves, pneumatic 
power operators, etc. Conoflow will op- 
erate as an independent subsidiary. O 


Construction is proceeding rapidly on Electro 
Metallurgical Co.'s new titanium sponge plant at 
Ashtabula, O. The first plant in the U. S. that 
wiil use the sodium reduction process for pro- 
ducing titanium (reducing titanium tetrachloride 
with sodium), it will produce 7,500 tons of ti- 
tanium sponge per year, marks the entry of the 
Union Carbide divition into titanium sponge 
production. 


A Nuclear Engineering and Develop- 
ment Center will be built at Windsor, 
Conn., by Combustion Engineering, Inc. 
The Center will have complete facilities 
for the design and development of nu- 
clear power reactors, for the construc- 
tion of reactor cores, and for the manu- 
facture of related atomic fuel elements. 
Stone & Webster have been engaged 
as architects and engineers on the $5 
million project which will begin opera- 
tion late in 1956. 0 
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THIS VALVE GOES TO SCHOOL ! 


In spite of our belief that the clinics have been held on the spot in 
Cooper Alloy stainless steel dozens of leading plants, including Dow, 
valve offers the best in design DuPont, Mathieson, Celanese, Pfizer and 
and operating features, we take many others. At these meetings our staff 
it to school regularly. This presents its findings, listens to the find- 
“school’’ consists of continual ings of users, specifiers and buyers, and 
study by field engineers observ- attempts to work out specific problems. 
ing the valve in service, by design engineers alert for 
new materials and construction methods, and by in- Arrangements for such a clinic in your 
dustry itself subjecting it to intensive examination own plant may be made through our Pub- 
and reporting their findings at organized Valve lic Relations Division. 
Clinics. 
“75 Questions’. . . a selection of those 
Cooper Alloy Area Valve Clinics have been held in questions asked most often at our clinics, 
most major industrial centers, and our in-plant is available on request. 


CORPORATION «+ HILLSIDE, N.J. 
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Furnace 


Here are two good examples of our work 
in high-nickel castings! 


These are in the Duraloy HT group 
calling for Ni 33.37 percent. We've 
gone as high as 68% nickel on 
some castings where extremely 
high temperatures and very severe 
corrosive conditions had to be re- 
sisted. The important factor con- 
cerning castings for exceptionally 
high temperatures is that they must 
retain their structural form under 
load. 


Knowing just how much nickel 
to put in and how much chromium 
and other alloying elements de- 
pends to a large extent on experi- 
ence .. . and it is experience that 
we can offer you for the castings 
you need, We've been producing 
static castings since 1922 and cen- 
trifugal castings since 1933, being 
among the pioneer founders in 
each class. 


If you would care to have our 
metallurgist study your casting 
problem, we shall be glad to have 
you call upon us for the service. 


Our New General Catalog is yours for the asking. 


ra DUMALU I 


OFFICE AND PLANT Scottdale. Pa. 
EASTERN OFFICE: 12 East 41st Street, New York 


- DETROIT OFFICE. 23906 Woodward Avenue, Pleasant Ridge. Mich 
CHICAGO OFFICE. 332 Seuth Michigan Avenue 
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In one hundred pages the engineer 
can now find the accumulated experi- 
mental data of 100 years’ work on 
the thermodynamic properties of pure 
gases and liquids. Working with 8&2 
compounds of wide range in composi- 
tion, the Engineering Experiment Sta- 
tion at the Univ. of Wisconsin has come 
up with the 100-page report. Conden- 
sation of so much data has been made 
possible by extending the theory of 


corresponding states to include a third 
variable, the critical compressibility 
factor. 


By acquiring the assets of the Satur- 
nium Corp., Michigan Chemical Corp. 
has entered the rare earths field. © 


The Seventh National Plastics Expo- 
sition, to be held June 11-15 in New 
York, will have the chemical industry 
as a major supporter. Some 50 leading 
chemical companies have already con- 
tracted for space at the Exposition, will 
display all the many products they supply 
to the plastics industry. 


Construction nears completion on one of the 
largest steel tanks in the world, the 323,000- 
barrel aqua ammonia storage tank at Phillips 
Chemical’s Cactus plant neor Etter, Tex. The 
huge tonk covers nearly an acre of ground, 
measures 220 ft. across, 48 ft. high. 


One of our outstanding chemical ref- 
erence libraries, in the Chemists’ Club 
in New York, has recently undergone 
extensive renovation, is now embarked 
on its annual fund drive. 

The library, located at 52 East 41st 
Street, is used by members of the club, 
but is also open to the general public 
every day during business hours to give 
service to the whole chemical industry. 
Not confined to use by chemists or 
chemical engineers, the library is avail- 
able to executives in the field, to market 
researchers, sales engineers and execu- 
tives, and anyone who has need to han- 
dle chemical literature, including the 
students. O 


“Recruiting The Engineer” will be 
the subject of the Tenth Industry- 
Faculty Conference at the Engineering 
Experiment Station of Louisiana State 
University to be held at LSU March 
1-2. 0 
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The new & speed 
BROOKFIELD VISCOMETER 


Converts any manually operated 
filter press to hydraulic operation in 
less than one hour; enables repeated 
closing to a uniform pressure; no 
opening space in the press is sacri- 
ficed to accomodate the Hydro-Lock. 


With the new portable Brookfield 
eight-speed viscometer you can, at the flick 
of a switch, easily measure the viscosity of 

any fluid . . . readings down to 1/5 of 1 per 
a cent with materials having viscosity of from 
mu 1 to 32 million centipoises. 

If speed, accuracy, and versatility 
count with you, demand the new Brookfield 
eight-speed viscometer. A complete line of 
accessories makes the Brookfield adaptable 
to any viscosity measurement problem. 
Your prompt inquiry will bring complete 
information. Technical assistance available 
without obligation. 


Designed for long wear and safe 
“ene-man” operation, the Hydro- 
lock modernizes ouvt-moded manv- 


Write, wire or phone 


ENGINEERING LABORATORIES, INC. 
STOUGHTON 26, MASSACHUSETTS 


10 INDIAN CRANFORD, 
SPRING ROAD N. 4. 
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If Your Filter Medium Is Blinding Or Clogging 
The Use Of E & D Filter Paper As A Cover 


May Be Indicated! 


Many commercial filtration processes are troubled with 
slurry that contains slimy fines, gelatinous or minute 
particles. In a large number of such cases the use of 
E&D filter paper as a “cover” over the filter medium 
will provide finer filtration while protecting the 
medium. The cost of the paper is sufficiently low to 
warram peeling it off and discarding after use leaving 
the medium underneath relatively clean. Savings in 
production time can be substantial. 


Write for our FILTRATION ANALYSIS REPORT. 
We will recommend the proper grade for your use 
and send free samples for testing. 


THE EATON-DIKEMAN CO. 


FILTERTOWN 


The nation’s largest vacuum melting furnace 
is now in operation at Vacuum Metals Corpora- 
tion's Syracuse, N. Y., plant. Remotely operated 
by the melter, the 2,200-pound furnace has its 
melting unit enclosed in a %-inch thick airtight 
and liquid-cooled stainless steel chamber. The 
design mokes it possibe to charge, melt, pour 
and remove ingots without affecting the vacuum 
in the melting chamber. 


Between ten and fifteen nuclear re- 
actors will go into operation in Canada 
within ten years. Included in this esti- 
mate are the first large low cost power 
station and some portable units for use 
in helping to develop the Northwest 
wilderness of Canada. oO 


Ten chemical engineering positions 


MT. HOLLY SPRINGS, PENNA. 
are now vacant at the Chemical Corps 


i lusivel ~ . 
“a || research center at Camp Detrick, 
Frederick, Md. These are Civil Service 


TER PAPER 


paper for science and industry. 


FOR STRONG . 
CORROSION 
RESISTANT 
PIPING 


Specify these injection-molded 
PVC fittings and flanges 


Tube Turns Plastics, Inc. offers unplasticized PVC fittings made 
by the exclusive Hendry process. These injection molded fit- 
tings are superior to those made by conventional methods — 
Minimum tensile strength of High Impact is 6000 psi, of 
Normal Impact, 7000 psi. Injection molding provides highest 
density, complete homogeneity. Tube Turns Plastics’ fittings 
are non-toxic and completely inert. Resist both internal and 
external corrosion and will handle most chemicals up to 165°F. 
Investigate PVC for piping your corrosive materials. For 
booklet write Tube Turns Plastics, Inc., Dept. PB-2, 2929 
Magazine Screet, Louisville, 11, Kentucky. 


Louisville 11, Kentucky 


Call your TUBE TURNS PLASTICS’ Distributor 
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appointments, carry all Civil Service 
benefits, pay from $4345 to $8990 de- 
pending on the grade of the position. 0 


Synthetic latex plant, costing in excess 
of $1 million will be built at Pittsburg, 
Cal., by Dow Chemical. It will produce 
a broad range of styrene-butadiene 
latexes. 


A model of a high-pressure vessel closure, 
designed for use in measuring stresses in the 
bolts when pressures up to 16,000 Ib./sq.in. are 
applied, guides the design of closures for C. F. 
Braun & Co. in its Alhambra, Cal., laboratory. 

Stress measurements are made with SR-4 re- 
sistance wire strain gages bonded on four bolts 
spaced 90° aport. The gages are connected 
into a Baldwin-Lima-Hamilton SR-4 strain indi- 
cator which will measure bolt stresses when the 
top of the closure (left) is properly seated on 
the sealing gasket and either gas or liquid 
pressure is applied to simulate process condi- 
tions. The method gives greater accuracy in 
much less time than any other method of 
measurement, according to Braun engineers. 
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You can save 
time, space, & labor 


makes simple work 
of Filtering, Mixing, Storing 


Regardless of the size or type of 
your installation, whatever your 
process may be, there’s an Alsop 
Filter, Mixer, and Storage and Mix- 
ing Tank to “fit your job,” you can 
be sure of getting from Alsop the 
right unit properly applied—you 
can depend on Alsop proved per- 
formance features. Alsop Filters, 
Mixers, and Tanks are available in 
a complete range of sizes and ca- 
pacities, and Alsop Equipment is 
custom fitted to your application by 
engineers who have thorough ex- 
perience in Filtration and Agita- 
tion. For full information, 


recommendations, and quotations 
write Alsop Engineering Corpora- 
Milldale, 


tion, 1010 Gold Street, 
Connecticut. 


= 


ALSOP ENGINEERING CORP 
1610 Street 
Milldele, Connecticus 


Sond mo your Complete 


MAIL COUPON NOW! 
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Designed to handle corrosive vapors 


. TYPE H 


SUCTION 


“STEAM 
(generally 
VAPOR graphite) 


DISCHARGE 


Cross-section, showing con- 
struction details of Type H 
ejector. Conventional split 
flanges are used. Nozzle is 
easily replaceable. 


ELLIOTT 


ELLIOTT Company Fc 


This three-stage ejector 
with intercondenser, is 
built of corrosion resist- 
ing Haveg 


When it comes to maintaining 
vacuum, while handling highly 
corrosive vapors, you can’t beat 
these durable Elliott Type H ejec- 
tors. Made of Haveg, Permanite 
or similar corrosion-resistant 


synthetic resin material, they'll 


stand up to hydrochloric and sul- 


phuric acids, wet chlorine, caustic, 


benzene and many other corrosive 


vapors, including some of the 
chlorinated aromatic compounds. 


Whatever your vacuum require- 
ments, take advantage of the 
experience and know-how of an 
Elliott ejector specialist. There's 
no obligation on your part. Con- 
tact your Elliott representative or 
write Elliott Company, Jeannette, 
Pa. for descriptive bulletins. 
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INDUSTRIAL NEWS 


ROCKY MOUNTAIN’ ENGI- 
NEERS MAKE SALARY SURVEY 


How does your area, your salary, 
stack up against those of chem- 
ical engineers in the Rocky Moun- 
tain Region? 


When a national or large-regional sal- 
ary survey is naturally, 
weighted by the areas of heavy indus- 
trialization. What of the areas, like the 
Rocky Mountain Area, where indus- 
trialization is less intense ? 

To answer the question of exactly 


made it is, 


how engineers’ salaries in the Rocky 
Mountain region do stack-up against 
those of more heavily industrial areas, 
A.LCh.E.’s Rocky Mountain Section 
initiated a salary survey, under the di- 
rection of G. C. Lammers. 

The attempted to obtain a 
cross chemical engineers in 
the area without regard to society mem- 
bership, showed a 60% return on ques- 
tionnaires of which some 30% were 
non-A.I.Ch.E. members. 


survey 
section of 


Results—Lower Salaries 


A glance at the salary curve, the re- 
sult of smoothing yearly averages and 


Assures a Pure, Sanitary 
Water Supply 


chemical quality then ground woter ... 
installations now in operation. 


yeor of clear, non-turbid water af lowes! cost. 


Exclusive Reaney screened 


The RANNEY MFTHOD, by Natural Filtration, produces water of better 


5 proven by the mony RANNEY 
Each delivers millions of galions per 
The RANNEY method 


reduces, of eliminates entirely, costly filter plants. 


if you need an efficient, economical water supply write to; 


ANNEY 


ANNE } 


Water Supplies Inc. - 


Water Supply Engineers and Contractors 
841 Alton 


Columbus 19,,Ohio 
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valid within $200-300 per year, shows 
the main result of the survey: Colorado 
chemical engineers receive less income 
than those located elsewhere. 
Comparisons of this curve with the 
December 1952, A.I.Ch.E. national sur- 
vey, and a recent New York survey, 
show Colorado salaries paid to those 
with 2-6 years experience run some 
$200-500 a year behind New York and 
the nation as a whole. After 6 years 
experience the gap widens rapidly to a 
Colorado lag of from $4,000-6,500 a 
year in the upper experience ranges. 


Sidelights 

One of the most interesting indica- 
tions in the survey the lack of 
correlation between the advanced degree 
and remuneration. Because this was 
found to be true in the Colorado area, 
the curve is a single line on the co- 
ordinates of salary and experience. Dif- 
ference in academic degree seems to 
make little difference in salary levels 

Engineers in production showed a 
consistently greater income, by about a 
$1,000 per year on the average. This 
is probably due to the fact that much 
Colorado industry is new, and new in- 
dustry generally tends to employ more 
top men in production. 

The survey also tended to show that 
A.1L.Ch.E. membership increased finan- 
cial rewards by some $900 a year during 
the middle part of the chemical engi- 
neer’s career. In early and late stages 
it seemed to make little difference. 


was 


iroq’s first complete oil refinery, designed, 
engineered and built by The M. W. Kellogg Co. 
and its subsidiary, Kellogg International Corp., 
for the Iraqi government, is now on stream neor 
Baghded. A 24,000 bbi./day thermal refinery, 
the installation has two unique feotures—a sul- 
furic acid plant and a can manufacturing plont 
which will produce and fill 15,000 five-galion 
cons per day. 


February, 1956 


++ 
®: 
HH 
° 36 40 
| 
| , 
of naturally filtered water 
Ranney Method Western Corp. | 
: Page 90 
| 


HERRINGBONE 
REDUCERS 


TANTALUM... 


We recommend it 


only when it is the 


cheapest material 


AVAILABLE 


Ci antalum is seldom cheaper on a “per-pound”’ 
‘ 
basis. But tantalum is quite often the “cheapest” 


material when judged on an over-all final operating 


cost basis, on a product purity basis, on a freedom 


from maintenance or an elimination of down-time basis 


We don’t expect anyone to take tantalum on faith 


or generalities. But if you process hydrochloric acid, 


nitric acid, perchloric acid, bromine, iodine, hydro- 


gen peroxide, sulfuric acid, chlorine, chlorine dioxide 


(and many other corrosives), tantalum may save you 


money. Fanstee! engineers can tell you, definitely, 


whether or not tantalum will be “‘cheapest’’ for you. 


USE TANTALUM WITH ECONOMY for most acid 
solutions and corrosive gases or vapors, except HF, 
strong alkalis or substances containing free SOx. 


For high horsepower reduction with heavy shock 
loads, Philadelphia Herringbones are the answer. 
These quality wnits are available in Single, | 
Dowble and Triple Reductions offering wide 
selection of capacities and ratios. Continuous | 
tooth type herringbone gears assure evenly dis- 
tributed pressure over each tooth from top te 
working depth line — which means long fife, 
minimem vibration, quiet operation and mazi- 
mium transmission Be convinced, send for 
Catalog 4-55 


Write for free book, TANTALUM in Chemistry 


FANSTEEL METALLURGICAL CORPORATION 


NORTH CHICAGO, ILLINOIS, USA 
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HILADELPHIA | 
GEAR WORKS 
~ INCORPORATED 
ERIE AVE. AND G ST., PHILADELPHIA 34) PA a 


CHEMICAL 
ENGINEERS! 


WHEN YOU NEED PRECISION — 
SPECIFY WILMAD PRECISION BORE TUBING! 


Whether the job you're working 
on is design, testing or processing, 
you get moximum precision when 
you specify Wilmad Precision Bore 
Tubing 


4 
ideal for use in borometers, 
bearings, manometers, rotameter 
tubes, burettes, viscosimeters, and 
*. Made in various shapes and 


hundreds of other applications 


sizes . . . square, rectangular, hexa- 
gonal and tapered. Special shapes to 
meet your requirements. Available in 
Pyrex Brand, Vycor Brand and most 
of the electronic glasses 

— Send today for detailed catalog. 


GLASS COMPANY, INC. 


LANDISVILLE, 


STOCK 
start 
a low-cost, low-volume pump 
for corrosive liquids! 


The ECO All-Chem rotary pump offers: 

* Capacities 1—10 gpm; Pressures to 150 psi 

* Stainless steel housings (Type 316, Type 20 or 
Hastelloy C) 

* Teflon, Neoprene or Formica impellers 

+ Positive displacement, high suction lift, self priming 

+ Linear non-surging, non-foaming flow 

Available from stock, suitable for direct motor, V- 

belt or vari-speed pulley drive, the Eco All-Chem 

handles organic, inorganic, hazardous and radioac- 

tive fluids with complete dependability. 


Bulletin AC56 on request. 


ENGINEERING COMPANY 
12 NEW YORK AVENUE + NEWARK I, NEW JERSEY 


CANDIDATES FOR MEMBER- 


SHIP IN A. I. Ch. E. 


The following is a list of candidates for the designated grades of 
membership in A.1.Ch.£. recommended for election by the Committee 


on Admissions. 


These names are listed in accordance with Article Ill, Section 8, 


of the Constitution of A.I.Ch.E. 


Objections to the election of any of these candidates from Members 
and Associate Members will receive careful consideration if received 
before March 15, 1956, at the office of the Secretary, A.!.Ch.E., 25 
West 45th Street, New York 36, N. Y. 


Member 


Enslen, Gerald £., Wilmington, 
Del. 

Fair, James R., Jr., Emeryville, 
Colif. 

Gloskey, Carl R., Avenel, N. J. 

Goodwin, Donald R., Pittsburgh, 
Pa. 

Gossett, F. M., Charleston, W. Va. 

Hein, Lowrence, New Haven, 
Conn. 

Hill, Preston L., Dayton, Ohio 

Hodges, Paul B., Collinsville, iil. 

Hoelscher, H. E., Baltimore, Md. 

Hyde, John W., New York, N. Y. 

Kempe, Lloyd L., Ann Arbor, Mich. 

Kent, C. E., Richland, Wash. 

Kuhn, E. Michael, Verona, Pa. 

Loeb, Sidney, Los Angeles, Calif. 

Luft, Alexander v. d., Montreal, 
Que., Can. 

Mc Mahon, Sewall, Houston, Tex. 

Myrick, Walter A., Ill, Houston, 
Tex. 

Provine, R. F., El Dorado, Ark. 

Rack, H. Alfred, Rahway, N. J. 

Rex, John E., Chicag>, Ill. 

Rohr, K. E., Los Angeles, Calif. 

Schaofsma, Jan G., Altadena, 
Calif. 

Tower, Clark B., Jersey City, N. J. 

Vick, J. J., Jr., Pensacola, Fla. 

Voelker, Clarence €£., Midland, 
Mich. 

Zager, Stanley €£., Somerville, 
N. J. 

Zelman, F. J., Roselle, N. J. 

Zullo, John J., Mentor, Ohio 


Associate Member 


Agee, William H., La Marque, Tex. 

Babyak, Elmer J., Parkersburg, 
W. Va. 

Bacha, John, Clifton, N. J. 

Bacon, Graham R., Beaumont, Tex. 

Boron, Arthur L., Elizabeth, N. J. 

Barta, Arthur E., Albany, Colif. 

Benaroya, Victor, Los Angeles, 
Calif. 

Biever, Vincent M., Jr., Saint Paul, 
Minn. 

Blum, Bernord S., New York, N. Y. 

Buttiglieri, Domenick A., Bloom- 
field, N. J. 

Cattrall, Thomas C., Jr., Glass 

boro, N. J. 
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Ciannamea, Nicholas A., Troy, 
N. Y. 

Citek, Francis J., South Holland, 

Clarke, William C., Park Forest, 
mi. 

Connolly, William J., Elizabeth, 
N. J. 

Core, Thomas C., Columbus, Ohio 

Crowe, Denzil H., Jr., Bowling 
Green, Ohio 

Crozier, Ronald D., Ann Arbor, 
Mich. 

Davis, Willard P., Crum Lynne, Pa. 

Drake, L. E., Jr., Norwalk, Conn. 

Finkbiner, Charles E., Pottstown, 
Pa. 

Fittabile, Ar do G., Glassboro, 
N. J. 

Fruehauf, Ernest, Chicago, Ill. 

Frye, John R., South Charleston, 
W. Va. 

Garth, Leonid G., Rochester, N. Y. 

Genser, James M., Cranston, R. 1. 

Gilbert, Leamon G., Sharon, Mass. 

Golubin, Nicholas M., Henderson, 
Nev. 

Gore, James H., Bloomsburg, Po. 

Hanna, L., Arvida, Que., Can. 

Harvey, Robert J., Clinton, Tenn. 

Hassett, Bernard T., Binghamton, 
N. Y. 

Hoff, William A., Wyandotte, 
Mich. 

Huff, James &., Midland, Mich. 

Johnson, Paul A., Wilmington, 
Del. 

Kohler, D. S., Lake Jackson, Tex. 

Kickham, Lawrence T., Jr., Mem- 
phis, Tenn. 

Kleban, Bernard, Wilmington, Del. 

Klisowski, Adam W., Allen Park, 
Mich. 

Knee, Theodore H., Springfield, 
Mass. 

Koch, J. J., Port Neches, Tex. 

Langer, Jerome S., Bellerose, 

Lanterman, Robert S., South 
Charleston, W. Va. 

Lewis, Harvey L., Lonedell, Mo. 

Little, William $., LoCrosse, Wis. 

Llewellyn, Ralph Alvin, Jr., Terre 
Haute, Ind. 

Loudon, D. E., New York, N. Y. 

Mahen, K. W., Stamford, Conn. 

Major, Alfred N., West Hartford, 
Conn. 
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CANDIDATES 


Matush, James E., Orange, Tex. 

McElroy, Frank E., Des Plaines, iil. 

McEntee, Horry Waterford, 
N.Y. 

Mclean, Daniel C., Stamford, 
Conn. 

Miller, Richard L., Troutdale, Ore. 

Muenchow, Herbert O., Pitman, 
N. J. 

Newgard, D. L., Sen Francisco, 
Colif. 

Niehaus, Williom R., Lewiston, 
N. Y. 

O'Kelly, Arlie A., Texas City, Tex. 

Olender, Arthur L., Niegora Falls, 

Overman, Richard 8., Topeka, Kan. 

Pecquet, Ashton J., Baton Rouge, 
le. 

Peterson, le Roy A., Dunbor, W 
Va. 

Plonko, Joseph, Riverside, Pa. 

Pugh, Duane W., Baton Rouge, Le. 

Pursglove, Joseph, Jr., Pittsburgh, 
Pa. 

Quinn, D. Thomas, Woodbury, 
N. J. 

Rankin, Raymond South 
Charleston, W. Va. 

Reborchak, Thomas J., Pittsburgh, 
Pa. 

Richardson, Gerald L., Richland, 
Wash. 

Riggs, Earl F., Kingston, Ga. 


ROTAMETERS 


weave SAFETY GLASS 
WINDOWS ATFRONT AND 
BACK ARE WIDER FOR 
SETTER VIEW OF TUBE, 
ROTOR, SCALE. 


TUBES HAVE SAME INLET 
AND OUTLET 00 TO PER 
MIT STANDARDIZATION 
OF PACKING AND END 
FITTINGS AND USE OF UP 
TO FOUR TUBE SIZES IN 
ONE CASE. 


SUITABLE FOR FRONT 
OR BACK OF PANEL 
MOUNTING 


NUMEROUS ROTOR 
DESIGNS AVAILABLE TO 
PROVIDE WIDE RANGE 
OF CAPACITIES. 


SK s MEASURING 
“SAFEGUARD” 


Rogers, K. A., Chicago, Ill. 

Ross, Charles P., North Augusta, 
$. C. 

Schindler, Henry C., New York, 
N.Y. 

Scroggy. logon J., West Covina, 
Calif. 

Sedlin, Leonord Harvie, Mobile, 
Ala. 

Seibert, Charles A., Jr., Salem, 
N. J. 

Smith, H. Rodman, Phila., Pa. 

Stein, Theodore W., Crown Point, 
Ind. 

Tannos, Joseph T., Texas City, Tex. 


Tienken, Frederick H., New York, 


N. Y. 
Trechock, Jack, Ventnor, N. Y. 
Valenti, Anthony, Atlasburg, Po. 
Van Horn, Wendell E., Paul, 
Minn. 
Vicevich, A. J., Dickinson, Tex. 
Walden, John, Brooklyn, N. Y. 
Ward, David R., Nework, Del 
White, C. Marlin, Baton Rouge, 
la. 
White, Ralph E., Midland, Mich. 
Wilki, J. L., Weedbury, N. J 


Willioms, James Kingsport, 


Tenn 


Wyott, Howord F.. New Martins 


ville, W. Va. 
Yang, Hung Han, Beaumont, Tex. 


Zorn, Paul M., Jr., Phila., Pa. 
OFFER 

THESE 

PLUS VALUES 


DETACHABLE, | 
READING METER SCALE 
SUPPLIED IN EITHER 
UNITS OF FLOW OR UM 
(FOR USE WITH CALIORA 

| 

TEARS OF SERVICE 
PROVE RIGIDITY OF 
WELDED STEEL CASE 
AND EASE OF TUBE 
ALIGNMENT 


—$—$ $$ 


METER (OEAL FOR 
REMOTE RECORDING 
AND CONTROLLING OF 
FLUID RATE-OF FLOW 


END FITTINGS AVAIL 
ABLE IN VARIETY OF 


CORROSION RESISTANT 
MATERIALS 


MANUFACTURING ENGINEERS 


2245 STATE ROAD, CORMWELLS 


HEIGHTS, BUCKS COUNTY, PA 


Rotemeters flow | Valves } Heat Traester | Gear Pumps 
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U. S. moror MOTORS 
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Simplify 


SYNCROGEAR 


INTERNALLY GEARED MOTOR 
5 TO 10,000 RPMs \) TO 30 HP. 


The U. S. Syncrogear is more than a motor. 
Its “packaged” assembly includes a high speed 
motor, an enclosed sealed gear-train, correctly 


engineered for the load, always in exact 
alignment, all mounted in a single case which 
saves space and eliminates the ungainly 
appearance of complicated hookups. 


More and more manufacturers are using 
Syncrogears on their products to improve 
appearance and increase saleability. 


U. S. ELECTRICAL MOTORS inc. 

P. O. Box 2058, Los Angeles 54, Callif., or Milford, Conn. 
Send Syncrogeor Booklet 

NAME. 

COMPANY 

ADOFESS 

city zone STATE 
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News of the Field 


FROM LOCAL SECTIONS 


CHEMICAL ENGINEERING IN PULP AND PAPER INDUSTRY 


it is time the “art” of paper- 
making gave way to the science 
of the chemical engineer. This 
was the crux of a recent sym- 
posium held by Washington-Ore- 
gon Section. 


“Fundamentally, the paper machine is 
a combination of unit operations involv- 
ing fluid flow, filtration, and heat trans- 
fer. However, papermaking is still 
considered to be an art, depending to 
a great extent on the human element 
for maximum quality production, There 
is need for a chemical engineering ap 
proach to the problems of papermaking 
instead of the present trial and error 
method being so widely used,” 

Here, in the talk by F. R. Hamilton, 
general superintendent of Simpson 
Paper Co., Everett, Wash., on “Paper 
Making as a Combination of Unit Op- 
erations,” is the heart of the Pulp and 
Paper Symposium sponsored by the 
Washington-Oregon Section at Everett. 
Seventy-five engineers attended, heard 
Hamilton go on to discuss in detail 
the many unsolved problems under each 
of the basic operations, problems the 
chemical engineer can and must solve 
if papermaking is to become a true 
science rather than a “seat-of-the-pants” 
art 


Conventionally, bleach liquor is made 
in a batch process, on the standard hit 
and miss method involving little true 
chemical engineering. Not only is this 
hard to control properly, pointed out 
J. H. Hull, chief process engineer, 
Central Engineering Office, Crown Zel- 
lerbach, Seattle, but it is less economic 
than the continuous bleach liquor manu- 
facture method he presented to the sym- 
posium in his paper. Hull showed the 
flowsheet for the process, indicated that 
not only is it more susceptible to an 
engineering approach, with its process 
equipment, instrumentation, and control 
potential, but is also more economic. 


Engineering Value Demonstrated 


The results that can be achieved by 
applying chemical engineering to the 
paper and pulp industry were typified 
in the talk of G. D. Huston, chemical 
engineer, Puget Sound Pulp and Timber 
Co., by following the growth of the 
acid plant at the company’s main in- 
stallation. Originally, the calcium-base 
acid was made by the cold acid system. 
Control difficulties, acid strength limita- 
tions, and the absence of heat and 
sulfur recovery, were strong defects. 
The gradual evolution of the acid plant 
to the hot acid (chemi-pulp) system 


was accomplished through the addition 
of an SO, abserption column and low 
and high pressure acid accumulators. 
Now a return to the original system of 
acid making would require some 25% 
more sulfur and 909% more steam to 
produce pulp at half the present rate! 

Entry of chemical engineering into 
pulp making at Puget Sound's acid 
plant was characterized in part by the 
introduction of an SOs, absorption col 
umn. This whole matter of the am- 
monia-based sulphite pulping process 1s 
of considerable interest 
today, was analyzed in detail by L. J. 
Gordon, Scott Paper. Plant conversion 
from calcium to ammonia-base does not 
usually require extensive equipment al- 
teration, although raw acid preparation, 
largely an absorption operation, does 
warrant consideration. In the design 
of an absorption system, the major vari- 
ables include: stoichiometry of the sys- 
tem, thermal effects, equilibrium solu 
bility, cross-sectional area of the tower, 
gas and liquor rates, type of tower, and 
tower height. 

The symposium 
solid conclusion at the evening dinner 
meeting, where R. E. Baker, Pulp Divi- 
sion, Weyerhaeuser Timber, went into 
the “Responsibilities of Chemical Engi- 
neers in the Pulp and Paper Industry.” 


engineering 


was brought to a 


NUCLEAR, SALES ENGINEER- 
ING TOPICS LEAD LOCAL 
SECTIONS 


Glass, economic matters, official 
regulations and automation, are 
among other subjects pr 
at local section meetings. 


Deep and fundamental interest of 
chemical engineers in nuclear engineer- 
ing is demonstrated this month by meet- 
ings of three local sections. The design, 
construction and operation of the first 
homogeneous power reactor at Oak 
Ridge, and the construction and opera- 
tion of the borax reactor that supplied 
power to Arco, Idaho, in the first com- 
mercial use of atomic power, were 
presented in two films shown at the 
December meeting of the Savannah 
River Section (C. L. Howard). 

Radio-isotopes are currently the prin- 
cipal peacetime product of the atomic 
energy program. Applications in this 
field of particular interest to chemical 
engineers were discussed by C. E. 
Crompton, Isotopes Division, AEC, 
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and the members of the Knoxville-Oak 
Ridge Section (R. J. McNamee) at 
the Section’s November meeting. Al- 
ready the isotopes are proving indus- 
trially important for the analysis of 
alloys, thickness control, analysis of 
hydrogen-carbon ratio in operations of 
the petroleum industry, control of cata- 
lyst flow, and flow rate measurement 
by means of an injected radio-isotope 
and an integrating counting technique. 
The potential for radio-isotopes in in- 
dustry is great, it remains for the en- 
gineer to realize it. 

In a more general vein, R. Kobelman, 
technical director of atomic energy for 
Sylvania, discussed the entire field of 
atomic energy and industry, drawing 
on his company’s wide and growing ex- 
perience in the field, at the first meet- 
ing of the new Central Pennsylvania 
Section (HW. FE. Keppler) held in No- 
vember at Muncy, Pa. The section is 
off to a good start 


Sales Engineering 


From atomic energy to sales may 
seem a big jump, but it is all in a 
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day's work to the chemical engineer. 
Unlike the general consumer selling 
operation, industrial sales is very much 
a two-way road. This sales-purchasing 
relationship was examined by J. Mine- 
vitch, engineering consultant, and Mack 
Jones, a purchasing agent for DuPont, 
at the December meeting of the West- 
ern Massachusetts Section 7. 
Bogan). Primary fact The pu 
chasing agent considers the salesman 
as an important part of his purchasing 
team. The purchasing agent must de 
pend a great deal on the salesmen he 
meets for the success of his purchasing, 
and will utilize the company 
salesmen are the most reliable, 
helpful, and who use the “five knows” 
that distinguish the top salesman from 
Knows his customer's 


is: 


whose 
most 


the average one 
business opportunities; knows his own 
company; knows his products; knows 
his customer; knows himself. In es- 
sence, this boils down to the simple fact 
that the sales engineer is there to 
“help” the purchasing agent to buy, 
not to “sell” him in the conventional 
sense of the term. 

Following the same essential theme, 
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J. K. Marshall, Carbide and Carbon, 
pointed out to the November meeting 
of the Charleston (W. Va.) Section 
(G. A. Trigaux), that the technical 
representative is no longer the peddler 
of yesterday, and how he evolved from 
that peddler. And, shifting the base a 
little from the salesman to advertising, 
P. B. Slawter, Jr., of G. M. Basford, 
emphasized to the December meeting 
of the New York Section that the 
industrial buyer cannot be “taken- 
in” by the kind of advertising com- 
mon in the general consumer press 
The engineer who buys is the “best 
informed buyer in the world,” and the 
engineer who sells must be equally well 
informed, both as to his product and 
his methods of advertising that product. 


Glass—And Government Control 


Glass in industry held the floor at 
the December meetings of the Rhode 
Island Section (A. Kk. Thompson) and 
the East Tennessee Section (/’. C. 
Underwood). At the former, A. Mar- 
zocchi showed the great versatility of 
the glass fiber industry in its applica- 
tion to industry (re-inforced plastic 
tanks, insulation, etc.) and to consumer 
goods (curtains, rope hawsers, etc.). 
For East Tennessee it was a remarkable 
film, “Glass and You” put out by 
Corning Glass, which ran the gamut 
of and industrial uses for 
glass, including the industrial glass 
tough enough to drive a spike, borosili- 
cate glass used for industrial research 
and manufacturing, glass for architec- 
ture, glass tubing for industry machine- 
drawn at a rate of 20 miles/hour or 
more, glass-lined equipment, and much 


consumer 


more 

Two instances of government regula- 
tion involving industry came under the 
scrutiny of local sections—one drawing 
applause, the other, nays. 

The vote of confidence occurred at 
the Maryland Section’s C. Schmitz) 
Meeting, where H. Silver- 

Water Pollution Control 
Maryland, emphasized 
of the state's 


December 
man, State 
Commission 
the “voluntary’ 
work industry control water 
pollution. Legal compulsion is rarely 
resorted to in Maryland, voluntary co- 
operation being considered far better, 
and the state has done an excellent job 
in the knotty problem of exactly de- 
fining and delineating the properties of 
permissible effluent. Careful study has 
already resulted in a wider latitude of 
effluent properties than heretofore 
thought possible 

The nay came at the December meet- 
ing of the Chicago Section (S. G 
Sourelis), where J. M. Patterson, Stand- 
ard Oil, analyzed the results of court 
imposed Federal control of natural gas 
Main result, according to 


ot 


nature 


with to 


production 
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Patterson: Sharp decrease in new sup 
plies which will mean higher prices 
Loss of incentive is already apparent, 
Patterson said, competition stifled. 
Prescription: The Senate should pass 
the already-House-passed Harris Bill, 
which removes direct controls from 
producers, but guarantees to consumers 
the protection of reasonable field prices 


1s 


Economics—And Corrosion 


Suppose you want to determine the 
most profitable product mix, given such 
factors as purchase and selling price 


FROM STEAM-BATH WET 


TO DESERT DRY 
WITH 


FLORITE 


Most economical of the granular drying agents, Florite has a 


and manufacturing capacities? Mathe- 
matical set-up is easy, but finding the 
maximum or optimum tort system 
far from obvious. The 
January meeting of the Philadelphia 
part of the Philadelphia-Wilmington 
Section, went a long way toward solv- 
ing this dilemma by hearing of a new 
technique called “linear 
from G. H. Symonds, 

Linear programming 
problem to be 
In a 


your 


turns out to be 


mathematical 
programming 
Standard 
allows the 
handled with simple arithmetic 
more general discussion of engineering 


Esso 


complex 


(Continued on page 96) 


longer service life, gives a low dew point depression, and aggres- 
sively resists “poisoning effects’ which permanently destroy 


adsorption qualities, 


Natural gas, propane, butane, gasoline, air, nitrogen, carbon 


dioxide, refrigeration compounds—and a growing list of liquid 


and gaseous compounds 


are successfully treated with superior 


drying efficiency by use of FLORITE DESICCANT. 


We also have available Pullers Earth and bauxite-based ad- 
sorbents for all types of es filtration, 
economical decolorization, dehy 


including 
ration and purificatiod. 


COMPANY 


Dept. Z 


Chemical Engineering 


P.O. Box 998 


Progress 


Tallahassee, Fila. 
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‘Bendix =-Friez 


AEROVANE* 
SYSTEM 


RECORDER INDICATOR 


..-helps solve 
air pollution 
problems 


CONTROLLER (Windtrett) 


Chances are, the Bendix-Friez* Aerovane System can be a 
big help to you in offsetting air pollution problems. For 
example, if wind speed and direction are an important 
factor in your problem, here’s one way the Aerovane System 
can help. When wind speed reaches a pre-set value and 
wind direction falls within an undesirable sector, the Aerovane 
controller will automatically actuate operating equipment 
such as fans, blowers, heaters, etc. The entire system can be 
used in dozens of plant applications. Or, any one of the 
units can be purchased for use with the transmitter. 
TRANSMITTER — Detects wind speed and direction. Electrically 
sends information to indicator, recorder and controller. 
RECORDER —Inks the wind speed and direction on time 
calibrated chart. Has three speeds for 11%-, 3- or 6-inches 
per hour. Under normal 3-inch-per-hour setting, recorder 
operates continuously for two-week period. 
INDICATOR —Shows wind speed and direction. Illuminated 
dials, white over black markings for maximum legibility. 
Calibrated in degrees of compass and miles per hour. 
CONTROLLER — Actuates circuits, turns on alarm system, 
operates other equipment when wind speed and direction 
reach pre-determined settings. Wind speed and wind direction 
dials mounted on face. Automatic time delay device compensates 
for fluctuating wind direction and speed. Time length is adjustable. 


Write today for complete information. "Reg. U.S. Pot. Of. fTrode-mork 


Prie; 


FRIEZ INSTRUMENT DIVISION + BENDIX AVIATION CORPORATION 


1473 TAYLOR AVENUE BALTIMORE 4, MARYLAND 
Export Soles and Service: Bendix International Division, 205 E. 42nd Street, New York 17, N. Y., U.S.A. 
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economics, by R. D. Williams and 
R. J. McNally, American Smelting and 
Refining, a hypothetical sulfuric acid 
plant installation, with prepared cost 
analysis and break even charts, was 
used to demonstrate general principles 
to the Intermountain Chemical Engi- 
neers’ Club. 

The basic studies of stress-corrosion 
are still far from complete, D. K. Priest, 
Pfaudler’s research laboratory, told the 
November meeting of the Twin Cities 
Section (7. E. Thorson), but the two 
main theories as to cause are electro 
chemical, from formation of local 
anodes, or mechanical! plus electrochem- 
ical, from disruption of a protective 
film. It can be counteracted by using 
stress-relieved metals as well as those 
having a very low level of impurities, 
or with proper cathodic protection 


Automation 

In a lively panel discussion at the 
November meeting of the Cleveland 
Section (/. L. Miller), held in con- 
junction with the Cleveland Engineer- 
ing Society, automation and process con- 
trol came in for a thorough discussion 
from three different angles. Stan 
Arthurs, Standard Oil of Ohio, used 
a detailed chart to show how the oil 
industry, manufacturing a liquid, is 
particularly adapted to automation, how 
it has been using automation since long 
before the word itself was coined, and 
how the trend towards automation is 
as much due to improvements in product 
control as to the need for reducing 
labor costs. 

From the strict chemical angle, R. C. 
Rahn, Diamond Alkali, described a case 
in his own company where automation 
is not just a word but an absolute neces- 
sity. At Diamond's anhydrous hydro- 
chloric acid plant the entire output is 
pumped directly to Naugatuck’s nearby 
plant with no storage facilities in either 
plant. Obviously the Diamond plant 
must be rigidly controlled to adapt to 
any change in Naugatuck’s needs. 

A major headache in the whole field 
of automation is the insistence of labor 
and other interested parties that it will 
mean mass unemployment at worst, ex- 
treme work-force dislocation at best. 
To this T. J. Walsh, chemical engineer- 
ing professor at Case Institute, dis- 
closed the statistics he had presented 
to the Congressional Committee investi- 
gating the subject. From 1949 to 1950, 
in spite of increasing automation, there 
was an increase of 5% in total em- 
ployment in the chemical and petroleum 
industries. 
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PUMPING PROBLEM 
GIVING YOU 
TROUBLE? 


Get qualified help. 

Tell us about it. 

SK Geor Pumps, p. oduct of years of 
research and engineering experience, 
are solving problems in almost 

every industrial field — pumping 


many types of mareriols like 
alcohol, fuel oils, give, wax, 
lube oils, resins, cellulose, heated 

oils, rood tars. Some applications 

require only a top-quality standard 
pump. Ours ore top-quality. Other aa 
applications demand something special. 
if so, we're ready to cooperate. 


We'd like to get acquainted 
—let us send you Bulletin 
17-A describing 

ovr pumps ond engineering service. 


Just write us. We'll send it 


Schule and koerla 


COMPANY 


MANUFACTURING ENGINEERS 


ing 


HEIGHTS, BUCKS COUNTY, PA 


Gear Pumps Ash 


TATE ROAD, CORNWELLS 


2245 $ 


Heat Treaster 
ates 


Ash | tor Bullet 17-4. 


Ash | Condensed Bulle 
tin V4, 
tr 


to the 99 plants in 100 
who 


ude 


In the search for doing things better and 
faster, have you overlooked the impor- 
tance of spray nozzles? Your application 
may be commonplace or poodle ... but 
whatever it is, properly engineered spray 
nozzles can make a vast difference. Let 
Spraying Systems Co., America’s fore- 
most authority on industrial spray 
nozzles show you why and how. As a 
first step, write for catalog. 


SPRAYING SYSTEMS CO. 
Engineers and Manvfacturers 
3284 Randoiph Street 
Bellweoed, titineis 


Cetalog No. 24 
Chemical ond industrial Sprey Nozzles 


and Related Equipment 


SPRAY NOZZLES 
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WASTING 

VALUABLE 
TIME AND 
EFFORT! 


TIME, MAN-POWER and MONEY. 
with on CAR PULLER 


One man with an SA Car 
Puller can spot up to 6 
fully loaded box cars 
quickly, easily and 
safely. These powerful 
units eliminate the inef- 
fective, slow and “back- 
breaking™ use of pinch- 
bars and allow the use 
of tow-trucks and tractors 
for the duties they were 
designed for. An ideal, 
cost-saving unit for any 
type installation, large or 
small, that requires the 
movement of railroad 
cars. WRITE TODAY for 
BULLETIN 753. 


Available with vertical er 
herizentel capetens. Vertical 
capstens will pull from any di- 


fection Herizentel capstens 
will pull trem twe directions 


end may be vied for emergency 


7 


VERTICAL CAPSTAN 


r0% IMMEDIATE \ 


DELIVERY 


HORIZONTAL CAPSTAN 


Fer information on the complete line of SA 
Stenderd Industrial Products write tedey fer 
Bulletin 653A 


STANDARD phoputrs DIVISION 


STEPHENS-ADAMSON 


mrc.co 


57 Ridgeway Ave. Avrere, tlinels 
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See page 55 for « preview of New Orleans 
attractions. 


NEW ORLEANS 


MEETINGS 
May 6-9, 1956. Roosevelt Hotel. 


Effective Industrial 
Financial Aid to Colleges 


A Sunday afternoon panel discussion to try to 
resolve means of implementing our growing 
needs for trained personnel. 


Fundamental Mechanism in Boiling, 

Cavitation and Condensation 

To cover the large middie ground between 

studies of nucleation kinetics and empirical 

studies of over-all boiling and condensation 
heat transfer rates. 


SYMPOSIA 


SYMPOSIA 


Foreign Chemical Developments & 

their Effect on U. S. Chemical industry 

The effect of foreign competition, both com- 

mercial! and technologicel, upon the U. 
chemical industry. 

Liquid Metals 


The fields in which liquid metals have merit and 
the methods of utilizing them, with particular 


emphasis on sodium. 
Improving Engineering 
Communications 
To advise engineers what is expected of them 
in engineering reports and other professional 
communications. 


@ PITTSBURGH, PA. 
Sept. 9-12, 1956. Wm. Penn Hotel. 
TECHNICAL PROGRAM CHAIRMAN: Carl C. 
Monrad, Carnegie institute of Technology, Pitts 
burgh, Pa. 


Mixing 
CHAIRMAN: J. H. Rushton, Dept. of Chem. Eng., 
Purdue U., Lafayette, Ind. 
Distillation Computation Methods 
CHAIRMAN: Wayne C. Edmister, Californie Res. 
Corp., Richmond, Calif. 
Research 


Operations 

CHAIRMAN: George D. Creelman, M. A. Hanne 
Co., 1300 Leader Bidg., Cleveland 14, Ohio. 
Case studies showing # wide variety of 
methods and techniques in applications of 
operations research in chemical engineering. 

Explosions in Chemical Engineering 
CHAIRMAN: G. H. Damon, 366 Ashland Ave., 
Pittsburgh 28, Pa. 
Symposium on gas and dust explosions. 


AIR REGULATOR-FILTER 


Aluminum Alloy & Plastic Cyl. 


Pipe Size: 1/4" 4%" 
Overall Height: 91/,” 
Overall Width: 73/,” 

Depth: 41/,” 

Weight: 4 Ibs. 


This Combination of Regulator and Filter 

is used where clean, fine filtered air and 

accurate pressure regulation are desired. 

Filter prevents foreign matter from entering 

delicate moving parts of instruments, 

tooling and pneumatic equipment. Filters 

out free oil and water from compressed air lines. Pressure 
gauge 0 Ibs. to 200 Ibs. is furnished with unit. For full 
details, write Dept. AR— G. 


ACE GLASS INCORPORATED 


VINELAND @ NEW JERSEY 
LOUISVILLE, KY, 639-4) SOUTH HANCOCK ST 
Glassware Specialists to Tudustry and 
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MEETINGS SYMPOSIA 

Unit Operations in Nuclear Engineering 

CHAIRMAN: George Sege, General Electric Co., 
2155 So. First St., San Jose, Calif. 

General Papers 

Deodline—May 11, 1956 


@ PENNSYLVANIA 

September 28 to October 5. 

Nuclear Engineering Division Congress and 
Atomic Exposition, Philadelphia. “The Fuel 
Cycle.” 


@ ANNUAL—BOSTON, MASS. 
Dec. 9-12, 1956. Hotel Statler. 
TECHNICAL PROGRAM CHAIRMAN: W. C. Rous 
seau, Badger Mfg. Co., 230 Bent St., Cam- 
bridge 41, Mass. 
Extraction of Hydrocarbons for Chemical Use 

from Pipeline Gases 
CHAIRMAN: E. E. Frye, J. F. Pritchard & Co., 
210 W. 10th, Kansas City 5, Mo. 

Filtration 


CHAIRMAN: F. M. Tiller, U. of Houston, Cullen 
Boulevard, Houston 4, Tex. 
The flow of liquids through compressible media, 
with experimental and theoretical papers. 
Low Temperature Techniques 
CHAIRMAN: Dr. Clyde McKinley, Air Products, 
inc., Allentown, Pa. 
The Sales Engineer in Chemical Engineering 
Afternoon at the Ichthyologists 
Gene-al Session: “Obsolescence” of Chemical 
Engineers. Sunday P.M.: Round table discussion 
Deadline—August 9, 1956 


@ BEAUMONT, TEXAS 
March 9, Lamar Tech 


Third Annual Joint Technical Meeting 
of Sabine Area Section, A.1.Ch.E. and 
Texas-Lovisiana Gulf Section, A.C.S. 
All-day session on: gas chromatography, 
fluid catalyst attrition, operations re- 
search, creative thinking, anhydrous 
caustic corrosion, failure of process 
equipment, & gas turbine applications. 
@ TERRE HAUTE, IND. 

April 21, 1956. Rose Polytechnic In- 
stitute. 

l-day meeting on Bio-Engineering spon- 
sored by the Terre Haute Section, 
A.L.Ch.E. 

CHAIRMEN: C. W. Smith and R. A. 
Shurter. Contact Mr. Shurter at Com- 
mercial Solvents Corp., Terre Haute, Ind. 


UNSCHEDULED SYMPOSIA 
Laboratory and Pilot Plant Techniques 
CHAIRMAN: Thomas S. Leary, Calico Chemical 
Div., American Cyanamid Co., Bound Brook, 
N. J. 
Centrifugation 
CHAIRMAN: James O. Maloney, Dept. of Chem. 
Eng., U. of Kansas, Lawrence, Kan. 
Fluidization of Solids 
CHAIRMAN: E. R. Gilliland, Chem. Eng. Dept., 
M.1.7., 77 Massachusetts Ave., Cambridge 39, 


Mass. 
Drying 
CHAIRMAN: Ralph E. Peck, Chem. Eng. Dept., 
IMlinois Institute, 33rd Federal, Chicago 16, Ill. 
Cost of Unit Operations 
CHAIRMAN: John Happel, Chem. Eng. Dept., 
New York U., University Heights 53, N. Y. 
Size Reduction 
CHAIRMAN: Edgar L. Piret, Chem. Eng. Dept., 
U. of Minnesota, Minneapolis 14, Minn. 
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For FILTERING 
and FILLING 


small plant or — 
batch lots of | 
_PHARMACEUTICALS, 
COSMETICS, 
.. CHEMICALS, 
FOODS, DRUGS, 
SOAPS, ETC. 


Two Ertel units that make small production efficient. 
They have all the desirable features of Ertel high pro- 
duction equipment: EFS-B FILTER has single hand 
wheel for simple trouble-free operation, bronze or stain- 
less circulatory system, accommodates accepted Ertel As- 
bestos Filter Sheets. PORTABLE FILLER has automatic 
overflow system, non-drip spouts, bottle size flexibility 
up to gallons. And, both units can be easily moved from 
place to place. Write for detailed information on this 
important equipment .. . it belongs ia your plant. 


ERTEL ENCINEERINC 


cormerpoR ATION 
KINGSTON 4, NEW YORK 


Branch Office & Showroom Located in New York City 
COMPLETE LINE OF 


Liquid. Handling Equipment 


STANDARD SK Type "BD" Heat Exchanger, 
two-poss design for service in petroleum, 
power, chemical processing, and other indus- 
tries. Also made in single-pass design. 


SPECIAL SK Radiofin Air Cooler, one of 
two large coolers designed and manv- 
factured for a special project. SK wel- 
comes inquiries for special units— will- 
ingly offers experienced assistance. 


Get Fall Details. Write for Bulletin HT-1. 


Schule and Koerling 


. COMPANY 


MANUFACTURING ENGINEERS 


2245 STATE ROAD, CORMWELLS HEIGHTS, BUCKS COUNTY, PA 


Gear Pumps 


Valves for | Meat Traaster 
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| Pumping Progress Report 


FOR CHEMICAL ENGINEERS 


SPACE, 


An advertisement prepared by The Aldrich Pump Co., 


Member of Hydraulic Institute, U.S.A. 


in many pump installations, is a 
major problem. Another is the 
necessity for special founda- 
tions. For new installations 
these factors may dictate 
elaborate construction; for 
replacement or modifications of 
existing systems, expensive 
piping and equipment changes. 


COMPACTNESS OF DESIGN, while often 


desirable, is not necessarily the 
answer. Simplicity of design may 
be a better solution. 


SIMPLICITY OF DESIGN brought about the 


first Inverted Triplex and 
Quintuplex and ultimately 
Septuplex and Nonuplex Pumps. 
This Aldrich design innovation 
brought to users economies of 
space, maintenance and operation 
they had never known. And even 
more important, Multiplex pumps 
brought new freedom from 
pulsation. 


INVERTED PUMP DESIGN permits the use of 


MAINTENANCE COSTS ARE REDUCED. 


less expensive foundations. With 
the crankshaft located near the 
floor there is no need to raise 
the driver or lower the pump. 
Then, too, inverted pumps require 
fewer square feet of floor space 
than conventional pumps. 


Fluid- 


end, where most work is done, is 
at chest level. Sectionaliza- 
tion, another Aldrich innovation, 
and parts standardization permit 
ease and economy of inspection 


or replacement. 


TELL US ABOUT YOUR PUMPING PROBLEM. 


The 


Chemical Engineering Progress 


chances are that one of our 
standard pumps — or a modifica- 
tion — will do your job. Detail 
your problem and we'll send you 
our Data Sheet describing the 
Direct Flow Pump we recommend. 
Write to: The Aldrich Pump 
Company, 20 Gordon Street, 
Allentown, Pa. 
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Leakproof 
Vaporproof 


for Batch or 
Continuous 

Operation 

Cake stays in 
place even when 
run is inter- 
rupted 
Easy to clean 

Write f 
J 
T. SHRIVER & COMPANY, Inc. 


Filter Presses + Filter Media + Diaphragm Pumps 


812 Hamilton St., Harrison, N. J. Sales Representatives in 


Decotur, Go -Houston, Tex.~St. Louis, Mo 
Sen Francisco- Montreal -Toronto 


FLAT SPRAY 


ZZLES 


“Write for NOZZLE CATALOG to 


SPRAY ENGINEERING CO. 


"132 CENTRAL ‘STREET + SOMERVILLE 45, MASS. 
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people 


Robert Lindley Murray, chairman 

of the Board of Directors of Hooker 

Electrochemical Co. 

has been awarded 

the Chemical In- 

dustry Medal for 

1956 in recognition 

of his contributions 

to research, engi- 

neering, and ad- 

ministration in the 

chemical industry. 

He will receive the 

medal at the Wal- 

dorf-Astoria Hotel following a dinner 

in his honor on April 27, 1956. In 

addition to being twice a director of 

A.LCh.E., Murray is the author and 

co-author of many papers dealing with 

the chlorine and alkali industry and is 
a recognized authority in the field. 


James Y. Oldshue becomes director 
of research of the Mixing Equipment 
Co., Inc., Roches- 
ter, N. Y. He is 
chairman of the 
Agitator Testing 
Procedure Com- 
mittee of A.I.Ch.E. 
and has been en 
gaged funda- 
mental and applied 
research in fluid 
mixing since join- 
ing his firm in 
1950. 


FUTURE MEETINGS and 


Symposia of the Institute 
(Continued from page 98) 
MEETINGS SYMPOSIA 
Corrosion Resistant Alloy Materials 
of Construction 
CHAIRMAN: G. Fred Our, Carbide and Carbon, 
Charleston, W. Va. 
Dry Classification of Solids 
No Chairmen Assigned. 


& Centrifugation 
CHAIRMAN: Horace Hinds, Corn Products 
Refining Co., Box 345, the 


LOCAL SECTION Future Meetings 


NEW JERSEY 

March 13, 1956, 

Auditorium, American Cyanamid, Bound Brook. 
Gomer H. Ward, “Textile Fibers.” 


AUTHOR INFORMATION 
Note: The Author Information column will ap- 


peor quarterly in the January, April, July end 
October issves. 
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TANKS PIPING 

PRESSURE VESSELS 

BUBBLE TOWERS 
SPECIAL EQUIPMENT 


INSURANCE 


MISCO FABRICATORS, INC. 
Denguers, Busiders, Fabrwators of Heat Resisting 
aad Stec/ Fguipment 
199° GUOINM STREET * OETROIT 7, MICHIGAN 
LORAIN 
In Canede it's Misco Fabricators of Canede, Lid. 
Wellend, Ontarie 
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Ihe American Oil Company 
nounces the appointment of John E. 
Kasch (left) as 


manager of coordi- 
nation and Charles 
F. Feuchter (be- 
low) as manager 
of planning in its 
manufacturing de 

Kasch 
with the 
companys rehning 
afhliate at Texas 
1942, and 
ten years later was transferred to New 


partment 
started 


City in 


vice 


been a technical assistant to the 
president of manu 
facturing. He holds 
a bachelor of sci 
ence, master of sci 
ence and doctorate, 


all from the Univ 
of Texas. Feuchter 
was also with the 


refining affiliate at 
Texas City in the 
manufacturing de- 
partment until 1942 


an- @ 


For the past two years he has | 


when he moved to the manufacturing | 


Earning 

from 
special 
refining, 


department in New York 
bachelor’s and master’s 
M.1.T., Feuchter 
assistant to the 
PAD, in 1952. 


George F. Kirby, with Ethyl Corp 
for 15 elected vice-president in 
charge of research and engineering. He 
succeeds B. Bynum Turner recently 
named executive vice-president. 

At the same time F. J. Sergeys to 
engi 


degrees 
served as a 
director of 


years 


general manager, research and 
neering operations at Baton Rouge and 


P. A. McKim replaces Ser 
director of chemical engineer- 


Hlouston 
as 
ing div. 

Engineers Joint Council has named 


Thomas H. Chilton its president, 
as such he heads 


and 


an organization 
the 
group of 


representing 
largest 

engineers in the 
country, of which 
the Institute is a 
member, Chilton is 
in charge of en 


vyineering research 


and development at 
DuPont, and is a 

former president of the A.LCh.E 
Michigan Chemical Corp. names 


Dwight Williams director of research 
Williams, to locate at research and tech 
nical labs in Michigan, has just resigned 
as Chief, biology and chemical branch 
U. S. Army. In addition, Williams has 
served as professor, and researcher in 
industry. 
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Dus product? Not at all. Bubble 
caps are important in many process 


industriés. To prove the point, 26 
companies index this particular de- 
vice in Chemical Engineering Catalog 


Regardiess of size or type desired 

swayed riser, pull up riser, wedge 
hold down, pressed or cast bubble 
caps... 


furnishes up-to-the-minute facts fast. 


just one product among hundreds, 
bubble caps are an example of CEC’s 
great wealth and variety of data 
2000 pages of product facts fur 
nished by over 500 companies are 
bound to steer you to the solution of 
your most difficult processing prob 
lems. For the quick answers concern 
structural 


ing types Capacities 


characteristics installation pro- 


cedures maintenance, etc. of 
almost any kind or type of process 
equipment, turn first to your copy of 


CEC. It's bound to help you save time! 


REINHOLD 
Publishing Corpor 
430 Park Avenue 
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P goes produ tion 
with Dow Corning 


Dow Corning Antifoam A* Com- 
pound and Antifoam A emulsions 
are the most efficient and versatile 
foam killers ever developed. Thou- 
sands of successful applications 
prove they increase productive 
capacity, reduce processing time, 
eliminate the waste and fire hazard 
of boil-overs. And all three, Anti- 
foam A Compound'—Antifoam A 
Emulsion—Antifoam AF Emulsion’, 
are effective at low concentrations. 
For example: 


One Ounce of 
. . Antifoam A Compound kills foam in 
6 35,000 Ib 


Vitamin B, 
. « Antifoom A Emulsion kills foam in 
6 1,245 Ib 


textile sizing 


. Antifoam AF Emulsion kills foom in 
2,075 Ib 
chocolate syrup 
' Permissible in food pr 
tions up to 10 ppm. 


* Permissible in food pr 
tions up to 32 ppm. 


free sample 
Test these versatile silicone 
defoamers at our expense. 


SEND COUPON TODAY! 

Dow Corning Corporation 1} 
Midland, Mich., Dept. 3002 | 
Please send me: 
(0 Booklet on Silicone Defoamers; 
somple of [] Antifoam A Compound 
(CJ Antifoam A or [) AF Emulsion; 


DOw CORNIN 


SILICONES 


J 


! 


© DOW CORNING 
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people 


Arthur K. Doolittle is appointed 
senior scientist in the research depart- 
ment of Carbide 
and Carbon Chemi- 
cals Co., S. Charles- 
ton, W. Va., to 
direct a broad pro- 
gram of basic re- 
search liquid- 
state physics. He 
joined the firm in 
1932 as technical 
head of coatings 
research, and in 
1944 was appointed asst. director of 
research. Active in Institute affairs, 
Doolittle, in 1955, was national vice 
president, and is currently working on 
the special Institute committee for de- 
velopment of professional attitudes 
among chemical engineers, both on the 
student and graduate levels. 


Thorndike Saville, dean of the 
N.Y.U. College of Engineering, elected 
president of the Engineers Council for 
Professional Development. Saville, also 
president of the Engineers’ Joint Coun- 
cil, is the first to hold both offices simul- 
taneously. 


John G. Bill elected president of 
Sharp & Dohme Div. of Merck & Co. 
Also announced was William H. Me- 
Lean as president of the Chemical Div. 
of Merck. Bill comes to his head posi 
tion after serving in successive other 
positions with the company since 1925. 
McLean joined Merck in 1948 as direc- 
tor of commercial development. 


Gerhard Harold Beyer named chair- 
man of the department of chemical 
engineering at the 

U. of Missouri. He 

joins the Univer- 

sity after six years 

at Iowa State Col- 

lege. Since 1950 

he has also been 

an associate engi- 

neer directing re- 


search at the Ames | 


Laboratory of the 
Atomic Energy 


Commission at Ames, Iowa. 


Calvin H. Corey becomes vice-presi- 
dent, Brooks & Perkins, Inc. With the 
company’s entrance into field of metals 
and assemblies for nuclear power plants, 
Corey will take over responsibility for 
all liaison work between B & P and 
the atomic industry. 
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Martin A. Elliott, research professor 
at Illinois Institute of Tech. appointed 
director of the Institute of Gas Tech- 


nology. 


Ralph E. Martin announces the open- 
ing of his office in Somerville, N. J., 
as manufacturers’ 
representative in 
chemical process- 
ing equipment in 
the New Jersey and 
Eastern Pennsyl- 
vania areas. Mar- 
tin’s experience 
constitutes 22 years 
in the field of spray 
drying and instant 
coffee equipment. 


Graham B. Knight begins associa- 
tion with Joseph R. Minevitch in the 
practice of consult- 

ing chemical engi- 

neering in Boston, 

Mass. Until re- 

cently Knight has 

been with the 

Badger Mfg. Co. 

He has had exten- 

sive experience in 

process engineer- 

ing and in the de- 

sign and operation 

of refinery units and chemical plants. 


How to beat your 
engineering-design problems 


DESIGN OF 
PIPING SYSTEMS 


By members of the engineering 
departments of 


The M. W. KELLOGG COMPANY 


The entire subject of structural design 
of piping systems is covered in this 
clear, modern, and comprehensive ac- 
count. It includes the most complete 
and detailed treatment of the thermal 
expansion problem ever published and 
shows how this treatment is extended to 
calculating effects of uniform loading 
such as that due to weight or wind. 


In addition to helping solve design 
problems, this volume offers excellent 
material for the evaluation of piping 
stresses: The treatment of expansion 
joint systems describes arrangements for 
large high-temperature lines in confined 
areas; and the discussion on pipe sup- 
ports is believed to be the first or- 
ganized coverage of this subject. 


1956 365 pages 319 illus. $15.00 
Send today for your on-epproval copies. 


JOHN WILEY & SONS, Inc. 
440 Fourth Ave., 
New York 16, N. Y. 


Silicone Defoamers 
| 
| | 


Robert H. Cairns to director of re- 
search in Research Lept., Hercules 
Powder Co. Asst. director since 1945, 
Cairns joined Hercules in 1933 to work 
in successive positions with the com- 
pany, taking a year’s leave of absence 
to serve as deputy asst. secretary of 
defense for research and development. 
Hercules appoints also Wilbur E. 
Becker, plant manager in Franklin, Va. ; 
Spencer H. Hellekson, asst. director 
of operations in Wilmington; and Den- 
nis L. Molnar, asst. plant manager at 
Franklin plant. 
Gonzalez Chemical Industries, Inc., 
of San Juan, P. R,, 
appointment of W. 
Standish Miller as 
general manager in 
charge of produc- 
tion of its new $12 
million plant now 
under construction 
in Guanica, P. R. 
In 1950 Mr. Miller 
became the opera- 
tions manager of 
the Houston, Texas 
operations of the Mathieson Chemical 
Corp. In 1954 he was appointed director 
of engineering, and resigned shortly 
thereafter to do consulting work. 


announces the 


The Badger Mfg. Co., Cambridge, 
Mass., elects A. J. Broggini executive 
vice president and 
chairman of the 
Executive Commit- 
tee. He has been 
a member of the 
Board and the Ex- 
ecutive Committee 
since last year. He 
joined Badger Mfg. 
in 1952, after serv- 
ing in various en- 
gineering, sales, 
and executive capacities with the former 
E. B. Badger & Sons Co. 


Among recent appointments by Good- 
year Tire & Rubber Co. Albert J. 
Gracia becomes manager, research and 
development. D. H. Francis succeeds 
Gracia as general manager, Goodyear 
Atomic Corp. 

Also announced is R. J. Koch and 
W. M. Saltman to diene synthetic rub- 
bers section, Research: Div.; J. R. Wil- 
son to high polymer research section; 
E. M. Katt, Bench-Scale Piloting Sec- 
tion. 


Morton Smutz becomes head of the 
chemical engineering department of 
Iowa’ State College. Previously with 
Monsanto Chemical Co. and Bucknell 
U., he joined the staff of Iowa State 
in 1951. 
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Two Nagle 4” type “T” 
pumps, in a two stage in- 
stallation, are ably handling 
600 GPM of fly ash slurry 
against 400 ft. of head, at 
Windsor plant of Beech 
Bottom Power Co., Power, W. Va. Water-end 
parts are of abrasion resistant ABK Ni-Hard 
nickel iron alloy. 

Design of the Nagle type “T” pump pro- 
vides quick slippage seal adjustment, acces- 
sibility of stuffing box and split bearing 
stand. Entire pump can be quickly dismantled, 
but it’s seldom necessary because it's a Nagle 
Pump—built for gritty, abusive jobs—pump- 
ing abrasive and corrosive materials or hot 
liquids. 


SEND FOR CATALOG 5206 


NAGLE PUMPS, INC. 


1255 CENTER AVE. CHICAGO HEIGHTS, ILL 
A a 


APPLICATIONS 


ABRASIVE 


AND CORROSIVE 


FOR 


CONVENTIONAL DRYER 


Heavy-Duty rotery unit with fur 
nace, burner, breeching and air 
handling system. Used for ammoni- 
ated granular fertilizers and other 
chemicals. Also DehydrO-Mat Vari 
able Inclination Dryers (Pat. pend ) 


ROTARY COOLER 


Highly efficient shelf design for quick 
thermal release, with special feed and 
discharge breechings. Rotary seals pre- 
vent air losses. 


* TVA Licensed Manufacturer 


literature and information on request. 
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CLASSIFIED SECTION 


Address Replies to Box Number Care of CHEMICAL ENGINEERING PROGRESS 


SITUATIONS OPEN 


OPENINGS IN ENGINEERING 
RESEARCH LABORATORY 


(Columbia University) 


Theoretical analysis of heat 
transfer-fiuid flow problems ap- 
plied to the design and opera- 
tion of nuclear reactors leading 
to fundamental relationships 
and engineering design meth- 
ods. Experience (including aca- 
demic background) desirable 
but not essential. Long range 
program. U. S. Citizen. Start- 
ing salary ranges: B.S. $5,000- 
8,000; M.S. $5,500-8,500; Ph.D. 
$7,500-10,000. Opportunities 
for advanced study or academic 
appointment. Send details of 
education and experience to: 


Mrs. F. J. McNally 


Heat Transfer Research Facility 
632 W. 125 St., NYC 27 


EXCEPTIONAL OPPORTUNITY 
FOR 


DISTILLATION ENGINEER 


Large progressive manufacturer of or- 
genic chemicals wants chemical engineer 
skilled in the design and operation of 
distillation facilities. Should have about 
five years experience with multi-compe- 
tent systems, application of instrumenta- 
tion to such systems, interpretation of 
physical chemical data, and optimum 
operation of equipment for maximum 
production of best quality product with 
greatest efficiency. Experience in the 
petroleum or petrochemicals field is 
acceptable. Should be able to analyze 
the economic aspects of distillation 
problems and recommend the best solu- 
tions. Must interpret laboratory results 
and obtain pilot plant data. Also must 
attack problems from the theoretical and 
analytical point of view. Ability to ex- 
press thoughts and work with other 
members of the group is necessary. 
Replies held confidential. Please send 
complete resume including salary ex- 
pected and details of education and ex- 
perience. Our employees know of this 
ad. Box 21-2. 


COMBUSTION RESEARCH 


Engineers needed with up to ten years’ experience for research in high 
speed combustion, fluid dynamics pertaining to jet propulsion, and in 
combustion in high compression ratio reciprocating engines. Work 
broadly covers the field from fundamental research to engine design. 
Opportunity for a career with a leading petroleum research company. 


Give full and specific details of education, desired salary, availability 
date, and references. All inquiries will be considered promptly and 


held confidential. 


ESSO RESEARCH AND ENGINEERING COMPANY 
(Formerly Standard Oil Development Co.) 


PERSONNEL DIVISION 


P. ©. Box 51 
Linden, WN. J. 
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PROCESS ENGINEERS 


CAREER OPPORTUNITIES IN 
SOUTHERN CALIFORNIA 


for men with a minimum of five years’ 
experience in PROCESS DESIGN for 
Petroleum or Chemical plants. 
OFFERING MAXiMUM 
OPPORTUNITIES FOR: 


Utilization & recognition of individual 
initiative & ability. 

Broad responsibilities rather than narrow 
specialization. 

Experience with a wide range of proc- 
esses. 
RANGES, PROFIT 

IDEAL 


LIBERAL SALARY 
SHARING, TOP BENEFITS, & 
WORKING CONDITIONS 


Submit résumé of training & experience to: 


THE 
FLUOR CORP. 
ENGINEERS CONSTRUCTORS 


2500 S. Atlantic Bivd. 
Los Angeles 22, Calif. 


| 


SENIOR ENGINEER 


Develop New Ceramic 
Materials for 
AIRCRAFT NUCLEAR UNITS 


Ap unusual and responsible career 
opportunity in the new field of 
aircraft nuclear propulsion is open 
to a qualified engineer. He will 
be responsible for the develop- 
ment of improved materials for 
ase in aircraft nuclear power 
plants. The extensive facilities 
and resources of the company will 
be available to him in this work. 
At least eight to ten years’ ex- 
perience is required involving non- 
metallic inorganic materials for 
use st high temperatures (it 
directly related, time sepent in 
obtaining an advanced degree ma 
be considered part of this experi- 
ence.) Applicant must be a grad- 
uate physical chemist, metallur 
gical engineer, or ceramic engi- 
neer, preferably with Ph.D. or 
equivalent. 


Publication of research resulta in 
the appropriate clas#ified or open 
erature encouraged. 


Openings in Cincinnati, Ohic 
and idaho Falls, idaho 


Address Replies to Location 
You Prefer 


Aircraft Nuclear Propulsion Dept. 
ATT: W. J. Kelly ATT: L. A. Munther 


GENERAL @ ELECTRIC 


P.O. Box 535 
Idaho Falls, Idaho 


P.O. Box 182 
Cincinnati, Ohio 


4 At this time we are particularly 


interested in interviewing 
graduate engineers and scientists 
in the fields of aerodynamics, air- 
craft structures, mechanical engi- 
neering, chemistry, chemical 
engineering, heat transfer, elec- 
tronics, systems analysis, electro- 
mechanical instrument design, 
instrumentation, metallurgy, 
nuclear physics and solid state 
physics. 

These men should be definitely 
interested in scientific research 
and development relating to the 
problems of the future. 


CALTECH 


JPL... an Established Center 
of Research and Development 
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The Jet Propulsion Laboratory is a center devoted entirely to scientific 
research and development. Its prime objective is obtaining basic informa 
tion in the engineering sciences related to missile development — and to 
explore the various phases of jet propulsion. In addition a large share of 
its program is devoted to fundamental research in practically all of the 
physical sciences 

The Laboratory extends over more than 80 acres in the foothills of 
the San Gabriel mountains north of Pasadena. It is staffed entirely by 
personnel employed by the California Institute of Technology and conducts 
its many projects under contracts with the U.S. Government 

Exceptional opportunity for original research coupled with ideal 
facilities and working conditions have naturally drawn scientists and engi 
neers of a very high caliber. These men, working in harmony, are building 
a very effective task force for scientific attack on the problems of the future 

An unusual atmosphere of friendliness and ooperation is apparent 
at the “Lab” and newcomers soon sense the warmth of their acce ptance 
New advanced projects are now providing some challenging problems 
and good jobs for new people 

If you would like to develop your skili and knowledge at the “Lab” 
and, at the same time, help us solve some of our problems — write us today 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA INSTITUTE OF TECHNOLOGY 
PASADENA, CALIFORNIA 


J 
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PHYSICAL CHEMISTS 


years’ experience. 


RESEARCH AND DEVELOPMENT 


THE NEW JERSEY ZINC COMPANY (OF PA.) 
RESEARCH DEPARTMENT 
PALMERTON, PENNA. 


CHEMICAL ENGINEERS 
PROCESS METALLURGISTS 
PHYSICAL METALLURGISTS 


Research and development program on processing of raw materials, manufacture and 
applicetions of zinc, titaniuzn, metals and alloys, pigments and new products 

Advanced degrees or research etperience desirable for Research; not required for 
Development ¢ have openings for men without experience or with up to five or ten 


INORGANIC CHEMISTS 


These openings are for permanent staff 
tion. Excellent laboratories and working conditions. 


positions in s well-established research organiza- 


Ideal location in Eastern Pennsylvania, 


PROCESS ENGINEER 


Chemical or mechanical engineer with 
exceptional individual initiative and two 
to three years’ experience in petroleum 
refining to assume position with engi- 
neering department of 20,000 barrel 
independent Refinery located in East 
Texas. 


Send complete résumé: Box 4-2 


Chemical Mechanical 


ENGINEERS 
The leading company in the field of engi- 
neering design, manufacture and con- 
struction of oxygen generators and low 
temperature processing plents offers 
junior to management positions to care 
fully selected engineers who desire to 
participate in a rapidly growing field 
serving metallurgical, chemical, and 
petroleum industries, Staff of 160 engi- 
neers and 700 workers in three factories 


CHEMICAL ENGINEERS 
DEBIGN 

BOONOMIO EVALUATION AND 

RSTIMATING 

RESBAROH AND DEVELOPMENT 
The process and research and develop- 
ment engineers must have maximum 
strength in chemical engineering thermo 
dynamics, fluid flow, heat and masse trans 
fer, distillation, and physical fluid sepa- 
ration processes, combined with original 
"7 and creative ability for the separation 
of complex mixtures of low molecular 
weight gases by low temperature means 
The research and development engineer 
must aleo be an experimentalist. The 
economics and cost engineer must com 
bine many of the above qualifications 
with a strong interest in cost and eco- 
nomic factors 
PROJECT 
Chemical or mechanical engineers with 
major experience or interest in chemical 
or process equipment and plants design 
and construction Practical application 
of thermodynamics, fluid flow, heat trane- 
fer, distillation, fluid separation processes, 
piping, control and instrumentation, com 
ined with strong mechanical sense and 
ability to coordinate a project from 
contract to completion. 


SALES ENGINEER 

Self-energizing young engineer to par- 
tleipate in large scale contract negotia- 
tions with engineering and management 
personne! 

Highest salaries commensurate with train 
ing and experience. Profit sharing and 
other benefits, This is an excellent oppor 
tunity for engineers with above average 
ability and initiative to progress in the 
rapidly expanding new field of low 
temperature processing. Applications will 
be treated in strict confidence and should 
be complete education — experience 
interest, and other information which will 
help us to understand and evaluate you 
Write to B. H. Van Dyke 


AIR PRODUCTS INCORPORATED 


Allentown, Penna. 


CHIEF ENGINEER 


Medium size multiplant manu- 
facturing corporation with main 
office located in Newark, N. J., 
requires engineer with methods 
motion and time study, plant 
layout, materials handling, 
chemical process equipment de- 
sign, and equipment installa- 
tion experience to build small 
department for the performance 
of this work. Experience with 
lacquer finishing systems for 
coated fabrics or similar prod- 
ucts desirable but not neces- 
sary. Address resumes to 
Box 2-2. 


development and 


application 


engineers 


If you are a chemical engineer 
under 35 years of age, and have 
always wanted to “make the 
move” to a position providing 
satisfying and challenging ex- 
perience in engineering develop- 
ment and application, take the 
first step in our direction now. 
You will assist plant operating, 
technical, and research personnel 
in problems requiring technical 
foresight and know-how for so- 
lution. Salaries and rate of ad- 
vancement directly related to 
individual performance, proven 
ability, drive, and ambition. 


Please submit detailed résumé 
IN COMPLETE CONFIDENCE to: 


Box 1-2 
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Chemical Engineer with a minimum of 
three years refinery experience in opere- 
tions or process design. 

Work will include process engineering 
closely integrated with operations of 
new independent refinery which in- 
cludes crude distillation; catalytic crack- 
ing, reforming, polymerization; delayed 
coking and sulphur manufacturing. 


Please send complete resume including 
salary requirements to: 
GREAT NORTHERN COMPANY 
P. ©. Box 3596 


“EVEREADY” 


BATTERY 
DEVELOPMENT 


CHEMICAL AND 
MECHANICAL ENGINEERS 
PRODUCT DESIGN AND 
MACHINE DESIGN 


Product and Process Development 
Department in Cleveland has open- 
ings for Chemical and Mechanical 
Engineers with two to five years ex- 
perience. Work is concerned with 
both new product design and the 
development of production equip- 
ment for primary power supplies to 
be used with transistorized electronic 
equipment, portable light sources, 
capacitors and a wide range of elec- 
tronic apparatus. 

Pleasant working conditions in a 
good laboratory with a group of 
creative men of similar background. 
Liberal salary program and com- 
plete employee benefit plans. 

High level of individual creative- 
ness and initiative desired. Progres- 
sive Company with young ideas for 
developing ew products in an ex- 
panding market offers prime oppor- 
tunities now with the assurance of 
long and satisfactory future for men 
with idea-generating capacity. 

Bachelor or graduate degrees con- 
sidered. Send resumé of educational 
background and work experience to: 


National Carbon Co. 
Division of Union Carbide and Carbon Corp. 
P. O. Box 6056, Cleveland 1, Ohio 


February, 1956 


SIX CAREERS 
with Responsibility — Challenge — Recognition 


Ihe Engineering Service Division of du Pont's Engineering Department 
provides other units of the company with consulting service and technical 
assistance in increasing capacity and yield, in reducing investment and 
operating costs, and ‘n improving product quality and plant efliiency 
Long-range career positions are womediately available in this division to 
qualified graduate engineers experienced in these specialized technical areas 


FILTRATION APPLIED REACTION KINETICS 


Position requires broad and extensive knowledge of” Successful applicant will: assist research and develo 
applications of techniques for eeparating liquids and ment groups im planning experimental work t stud 
solids, such as hitration, centrifuging, sedimentation, reactions in the development of new processes, and 
wet-screening, liquid cyclones, et Duties include products; recommend types of laborat equipment 
' vle ting existing equipment nereasing ca conditions for the experiments, and data t e ot 
pacity and improving performance; evaluation of alter tained; interpret laboratory and semi-work lata; « 
itive « ment eciheat f tration installa use these data to specify size and type of plant equiy , 


tions and selection of auxiliary equipment such ment and operating condit WwW vestigate 

vacuum pumps, agitation equipme and mist separa possibilities of increasing capacities at yields t ab . 
tors. A major responsibility is to keep informed on modification of existing plant equipment of operating 

atest technological advances in the held conditions 


HEAT TRANSFER NUCLEAR RADIATION 


Duties include: trouble-shooting on equipment, such as Successful applicant will assiet in the apy at f 
pipe lime reactors, fluidized solids reactors, and him high energy radiatior tiating chemical reactions 
driers, where heat transfer is one controlling tactor and in altering properties of materials. Desirable bach 


und will include broad knowledge of accelerators 


selection of equipment, such as heat exchangers, evap 


rators, furnaces, and driers; evaluation of equipment and nuclear reactors, Should be familia 
determine alternatives and theoretical et deve ue manipulat mate 

analysis of problems in heat transfer in proposed g devices, economic shielding techniques 
equipment for new applications. Other typical heat and remote controlling and mamtenance techniques 
transfer problems encountered involve reboiers, inert Work will require familiarity with radiati hazards 


gas generators, direct fired production furnaces, and employee protection methods, and wee of radioactive 


indirect fired retorts. tracers used in research and manufacture 


PROCESS ANALYSIS AND EVALUATION GRINDING 


Duties are: Assistance in the preparation and analysis This position requires extensive knowledge of time par 


of basic information for design of operating units and ticle technology and broad experience with size reduc 


supporting facilities in order to obtain optimum per tion operations and equipment The succrssful 
will be called om to provide competeni 


formance with minimum investment and operating applicant 
technical advice grinding m od media. dust 


costs; preparation of flow sheets; evaluation of process 


* alternatives; selection and approximate sizing of equip collection and screening, size classification, equipment 
, ment; and establishment of heat and material balances evaluation and selection, modification of existing equip 
Position requires five or more years of experience in ment for unusual and special grinding problems, and 


handling of finely ground materials Probleme en 


equipment selection, economic evaluation of processes 


countered will provide opportunity for developing new 


and development of information tor design of indus 
fac 


concepts and extending the known technology 


INTERVIEWS IN LOS ANGELES INTERVIEWS IN SAN FRANCISCO 
Feb. 26-27-28-29 (Sun-Mon-Tues-Wed) March 4-5-6-7 (Sun-Mon-Tues-Wed) 


For appointment, please call For appointment, please call 


Mr. J. C. Costello, Jr. MAdison 9-3868 Mr. J. C. Costello, Jr. YUkon 6-2180 


or you may send complete résume 
including details of education 
and experience, to 


Mr. 3. C. Costello, Jr. 
Engineering Department 


Better Things for Better Living 


E. |. du Pont de Nemours & Co., Inc. * Wilmington 98, Delaware -esthrough Chemistry 
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| \\ NOW OFFERS 
\ 


Chemical engineer for research and de- 
velopment position in suburban main-line 
Philadelphia area with three to five 
years’ experience in design, construction 
and operation of pilot piants in fields of 
and metals. Submit 


ores, minerals 


résumé. 
Box 22-2 


PROCESS ENGINEERS 
Chemical process and design engineers 
needed. Work includes ali phases of 
chemical engineering design, process 
and economic evaluation, and maenage- 
ment studies. 

Requirements: B.S. in Chemical Engi- 
neering, one to five years’ experience, 
strong background in fundamentals. 
All replies held in strictest confidence. 

Mr. P. W. Bauman 

MONSANTO CHEMICAL COMPANY 
Inorganic Chemicals Division 
710 North 12th Bivd. 
St. Lovis 1, Missouri 


CHEMICAL ENGINEER 
WANTED 

For development and application work 
with new continuous multistage counter- 
current extractor and other equipment. 
For further information communicate 
with: 

The Gas Machinery Company 

16100 Waterloo Road 

Cleveland 10, Ohio KEnmore 1-1130 


Attention: Mr. Robert Kyle 


CHEMICAL ENGINEER 


One of the nation’s largest food com- 
panies with midwest headquarters 
needs a chemical engineer about forty 
with advanced education to work in its 
chemical division. Prefer man with 
considerable experience in pilot plant 
operation or chemical plant design in 
the organic field. Must have man- 
agerial ability and unusual growth 
potential. Salary open. If interested 
send résumé, recent picture, and salary 
required. Replies confidential. Box 3-2. 


ENGINEER! 
YOUR FUTURE IS HERE! 


— 9 expansion program has opened 
well paying, permanent, key staff posi- 
tion with chemical company interested 
in young man who has eye on future 
and wants hand in mechanical and 
electrical assignments as well as chem- 
ical engineering 

Send complete résumé and ontagy re- 
quirements to C. L. Taylor. lease 
mark reply “Personal.” 


MARBON CHEMICAL DIVISION 
Borg-Warner Corporation 
Gary, Indiana 


COMMERCIAL DEVELOPMENT 
ENGINEER 


Mature chemical engineer with broad 
knowledge of chemical industry to 
participate in selection and evaluation 
of proposed ventures into new prod- 
ucts or geographical areas, Respon- 
sible for studies of engineering and 
economic aspects in cooperation with 
market research group. Experienced 
in preliminary plent design and estima- 
tion of capital and operating costs to 
determine profitability under various 
conditions 


Technical Personnel Manager 
Westvaco Chlor-Alkali Division 


FOOD MACHINERY AND CHEMICAL 
corp. 


161 East 42nd Street, New York 17, N.Y. 


ACADEMIC POSITION--Chemical 


PROCESS DESIGN ENGINEERS 


Several positions available with progres- 
sive company rapidly expanding activi- 
ties in the design and construction of 
process plants. Opportunities for gaining 
diversified experience in fields ranging 
from petroleum refining to heavy 
chemicals. Good location in Cambridge, 
Massachusetts with advanced education 
facilities nearby. Chemical engineering 
degree with experience in process de- 
sign desired. Submit résumé to: 


Engineering Manager 
Badger Manufacturing Company 
60 East 42nd Street 
New York 17, New York 
Telephone MU 2-7492 f 


engineer, 
age forty or younger, graduate egree, 
active member A.I.Ch.E., to fill vacancy in 
department of midwestern university for 
fall 1956. Research and consulting en- 
couraged. Rank and salary depending on 
qualifications. Give full particulars, includ- 
in personal data, training, experience, 
references, State salary requirements. In- 
clude recent snapshot. Box 6-2. 


SENIOR CHEMICAL ENGINEER, ORGANIC, 


approximate nine months overseas assign- 
ment on staff of American consulting firm 
to make gurvey and report on local industry 
specializing plastics, detergents, and other 


organics. = 7-2. 


DIRECTIONS FOR USE OF CLASSIFIED SECTION 


Advertisements in the Classified Section of Chemical Eagincssing Progress are payable in 
o 


advance at 20¢ a word, with a minimum of four lines accepted 
Advertisements average about six words a line 
ood standing are allowed one six-line Situation Wanted insertion 


words 
of Chemical Engineers in 


x number counts as two 
Members of the American Institute 


(about 36 words) free of charge a year. Members may enter more than one insertion at half 


WANTED: CHEMICAL ENGINEER for re- 
search and development work in pilot plant 
operation B.S. or M.S. degree. 
desirable, but not essential. Age 21-28. 
Send complete résumé, education, experi- 
ence and salary requirement to Employment 
Manager, Abbott Laboratories, North 
Chicago, Illinois. 


TECHNICAL SALES AND SERVICE ENGI- 
to represent manufacturer of plastic 
materials of construction in linings in cor- 
rosion resistance service. Excellent o r- 
tunity with several territories available. 
Write full background to Box 5-2 


SITUATIONS WANTED 


A.1.Ch.E. Members 
CHEMICAL ENGINEER-—Age i}, family. 


Four years’ experience process development, 
fate and oils M.S.Ch.E summer 1956. 
Seeking experience leading to responsible 
gostice in process design or development. 
oreign or domestic. Bex 


ACADEMIC POSITION—Chemical Engineer. 
Ph Age 37. Seeks position as depart- 
ment head or full professor. Eleven years’ 
teaching, industrial, research, and admini- 
strative experience. Publications. Excellent 
references. Twelve-month basis preferred. 
Please give salary available. Box 9-2. 

CHEMICAL ENGINEER—Ph.D. 1938. Com- 
process engineering experience. 
pecialist in solvent extraction Broa 
administrative and supervisory experience. 
Recent nuclear and creativity studies. 
Available for more responsible position with 
engineering, research, or processing organ- 
ization. Box 10-2. 

CHEMICAL ENGINEER—Ph.D. Twenty years’ 
experience in teaching and industry. De- 
sires responsible position in development 
or process engineering. Box 12-2. 


CHEMICAL ENGINEER—B.ChE.. 
nine years’ research and development in 
oil and gas. Five years’ process and project 
engineer oil refineries. Desires assignment 
in Europe. Box 13-2. 


CHEMICAL ENGINEER—M.ChE., Sigma Xi, 
age 35, married. Broad, successful ex- 
perience in process engineering and pro- 
duction of organic chemicals and plastics. 
Seeking challenging responsible position in 
process development with progressive or- 
ganization. Box 14-2 


GRADUATE CHEMICAL ENGINEER desires 
sales or production position in Southwest. 
Eight years’ experience, married, age 32, 
B.S. Texas A. & M. Box 15-2 . 


CHEMICAL ENGINEER—-Age 35. Seeks ac- 
tive position in nuclear development design. 
Experience includes responsible charge of 
process design and development projects. 
Graduate of Oak Ridge School of Reactor 
Technology. Five figures. Box 16-2. 


bilingual, 


CHEMICAL ENGINEER._MS.ChE. years’ 
responsible experience in pilot plant process 
development, installetion of new processes, 
process improvement and trouble-shooting. 
Desires supervisory or administrative posi- 
tion in development or production engi- 
neering. Age 30, veteran, married. Box 
17-2 


CHEMICAL ENGINEERB.Ch.E. Five years’ 
diversified experience in research and de- 
velopment as group supervisor and project 
engineer in connection with product im- 
provement and production trouble-shooting 
Desire challenging position in production, 
development, or pilot plant work. Veteran, 
married. Box 16-2 


CHEMICAL ENGINEER-BSChE. Age 30. 
Desires “Part Time’ chemical! engineering 
work at home. New York metropolitan 
area. Box 19.2 

RESEARCH-DEVELOPMENT ENGINEER — 
MS.ChE. 1949. Six years experience in 
process and equipment development; project 
engineering; technical report writing; super- 
vision Publications Desire responsible 

sition in process or product development 
— ealary $7,600. Age 27, family, 
veteran. Box 20.2 


rates. Prospective employers and employees in using the Classified Section of Chemical 
Engineering Progress agree that all communications will be acknowledged; the service is made 
aveilabla on that condition. Boxed advertisements are available at ol? re 
of ty may be specified by advertiser. Answers to advertisements shou e addressed to : 
the on number, Classified Section, Chemical Engineering Progress, 25 West 45th Street, FOR SALE — CHEMICAL ENGINEERING 
New York 36, N. Y. Telephone COlumbus 5.7330. Advertisements for this section Id be PROGRESS, 1947-1953 inclusive, seven 
in the editorial offices the I5th of the th p ding publicati bound volumes, $70.00. Box 23-2. 
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Accurate temperatures 
—at a glance! 


NEW PYRO 


Surface Pyrometer 


—wunsurpassed in accuracy, it is quick- 
acting, light-weight and rugged. Features 
large 4%" direct reading dial. Measures 
both surface and sub-surface tempera- 
tures with selection of thermocouples and 
extension arms. Has cold-end junction 
compensator (operates automatically) and 
hielded steel housing. Available in five 
standard ranges; 0-300" F. to 0-1200° F.; 
also special and sub-zero ranges. Write 
for free Catalog #168. 


Write for free catalogs on PYRO Optical, 
Micro-Optical, Indicating, Radiation and 
Immersion Pyrometers. 


PYROMETER INSTRUMENT CO. 
Bergenfield 38, New Jersey 


Manutacturing only the BEST 
PYROMETERS for 25 years. 


THE 


For continuous and accurate 
DUST 


KONISAMPLER 


(pot. pend.) 


Employs principle of thermal 
precipitation. Light weight — quiet — 
all electric Automatic timer — will 
also operate continuously — secures 
particulate matter suitable for 
microscopic, electron microscopic of 
visual and for permanent records 

on standard glass slides. 


Cost (complete) 
with carrying case $225.00 
Send for descriptive literature K-1 


Designer and manufacturer of 
continuous gravimetric and oscillating 
types of thermal precipitators 


JOSEPH B. FICKLEN Ii! 


1848 East Mountain Street 
Pasadena 7, California 
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MARKETING 


W. J. F. Francis has been appointed 
vice president in charge of sales for 
American Potash 
& Chemical Corp 
with offices in Los 
He has 
been general sales 
western 


Angeles 


manager, 
division, since 1952, 
when he joined the 
firm from Pennsyl- 
vania Salt ifanu- 
facturing Co., Ta- 
coma, Wash 


Robert E. Wilkin of Hooker Elec- 
trochemical Co., Niagara Falls, N. Y., 
is elected to the 
company’s board of 


directors. He was 
also named  vice- 
president and di- 


rector of sales. He 
joined Hooker in 
1936 as sales man- 
ager of fine chem- 
icals. In 1949 he 
was made general 
sales manager, and 
in 1953 vice president and general sales 
manager. 


James E. McCabe has been ap- 
pointed director of market planning of 
the chemical division of Merck & Co., 
Rahway, N. J. 


Singmaster & Breyer, N. Y., ad- 
vances John A. Hufnagel to fill the 
newly-created position of sales manager. 


Necrology 


William S. Turner, 45, manager of 
Industrias Quimicas de Mexico, Morelia, 


Mich. Mexico, S. A. 


Harold S. Kendall, 62, assistant to 
the president of Dow Chemical Co., 


Midland, Mich 


Donald Bradner, 64, research con 
sultant, self-employed, Washington, 


D.C 


William J. Murphy, vice president 
in charge of sales and a director of 
American Potash & Chemical Corp, 
N. Y. 

Marshall L. Hough, 56, president of 
Darling Valve & Manufacturing Co., 
of Williamsport, Pa. For the past 20 
years president and treasurer of Darling, 
Mr. Hough was widely known through- 
out the industry. 
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PRECISION 


measurement 
and control 


GORDON 


XAC|LINE 


Controls tempera- 
ture automatically 
within a fraction of 
a degree in any heat proc- 
ess. A complete factory-assembled unit 
ready for installation anywhere. Can be 
used with any existing indicating or re- 

cording pyrometer controller 
—regardiess of age. 


GORDON 
XAC]EMP 


Hand Pyrometer 


A quality-built, conven- 
ient instrument for quick, 
accurate temperature read- 

ing in molten nonferrous 
metals. Also, other models 
of Xactemp for all-around 
temperature checking. 


GORDON 


SERVRITE 


Thermocouple Wire 
Thermocouple Extension Wire 


Insulated in Gordon's own plant 
to assure consistent quality. 

All standard wire and insulations 
carried in stock for quick delivery. 
Other wires, in long or short runs, 
manufactured to specifications, 


Full Particulars on Request 


CLAUD GORDON CO. 


Manvlacturers Engineers Distributors 


Temperature Control Inetruments Thermocouples & 


Accessories @ industric! Furnaces & Ovens Metal- 
lurgical Testing Machines 


631 West 30th Street, Chicege 16, 
2003 Hamilten Avenwe, Cleveland 14, Obie 
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permanent records | 
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To SELECT 
A PRESSURE 


| 
WHEN IT’S A 


MERCOID’ 


Write for this catalog 


CONTENTS: 


CONTROLS FOR 
PRESSURE — 


DIFFERENTIAL PRESSURE — 
TWO-STAGE PRESSURE — 
TEMPERATURE — 
TWO-STAGE TEMPERATURE 
LIQUID LEVEL 

FLOAT OPERATION 

LEVER ARM OPERATION 


CASE STYLES 
TO MEET VARIOUS 
REQUIREMENTS 
INDOOR 
(General Purpose) 
OUTDOOR 
(Weather Resistant) 
HAZARDOUS LOCATIONS 
(Ex plosion- proof) 


ALL MERCOID CONTROLS 
INCORPORATE SEALED 
MERCURY CONTACTS 


| Brookfield Engineering Laboratories, Inc... 
Brown Fintube Co. 


Write for Catalog No. 856-G © 


THE MERCOID CORPORATION 
4201 Belmont Ave. Chicago 4), til. 


Air Products Inc. .... 
Aldrich Pump Co., The 
Allis-Chalmers Mfg. Co. 
Alsop Engineering Corp. 
American Hard Rubber Co. . 
Ayerst Loboratories ... 


Boker Perkins, Inc. ... 

Beckman, Inc., Arnold O. .. 

Bendix Aviation Corp. 

Bethlehem Foundry & Machine Co. 

Biach Industries 

Blaw-Knox Co., Buflovak Equip. Div. ...... 
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Carlson, inc., G. O. .. 
Central Scientific Co. 


| Chicago Bridge & tron Co. 
| Cleveland Wire Cloth & Mfg. Co., the . 


Climax Molybdenum Co. 

Condenser Service & Engineering Co., Inc 
Consolidated Electrodynamics Corp. 
Cooper Alloy Corp. 
Crane Company . 
Croll-Reynolds Co., 


Inc. 


Dow Corning Corporation 
Downingtown tron Works, Inc. . 
Duraloy Co., The 

Durametallic Corp. 

Duriron Co., Inc. 


Eaton-Dikeman Co. .... 
Eco Engineering Co. . 
Eimco Corporation 


Fansteel Metallurgical Corp. . 
Ficklen, til, Jos. B. 

Floridin Co. 

Fluor Corp., The .... 
Foxboro Co., The 


Garlock Packing Co. 

General Americon Transportation Corp. 
Turbo Mixer Div. ... 
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Goodall Rubber Co. 
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PROGRESS — 


use Chemical Engi- 
neering Progress. 


C.E.P. Classified Sec- 
tion is the answer to 
the age-old question 
of where to get the 
best in chemical engi- 
neers. 
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KEEPING UP WITH 
JET AIRPLANES? 


— 
—— 


Some of the same type of engineering development work, which produced 
jet airplanes and such sensational progress in the aviation industry, has 
been done on various types of stationary jets. While results are not as spec- 
tacular, improvements have been even greater percentage-wise in some 
smaller industries. 


For example, the jet heater, working at very high velocity, possibly on 
corrosive liquids, will cost a very small fraction of the price of a surface 
heater. When designed properly, the heater can also raise the pressure of 
the iiquid substantially and completely eliminate one or more pumps, which 
can be quite expensive if made from special materials. 


A jet absorber is another good example. In some cases, a unit the approxi- 
mate size of a man’s arm can take the place of an absorption tower 3 feet 
in diameter and 10 or 12 feet high, with tremendous savings in first cost and 
no increase in operating cost. The absorber can literally supersaturate a 
liquid with a gas by discharging at a higher pressure than desired. Equili- 
brium is then established by reducing the pressure and liberating some gas, 
leaving a completely saturated solution at any desired pressure within 
certain ranges. 

Of course, progress has also been made in efficiency and dependability of 
the best known application of industrial jets, which is steam jet vacuum 
equipment and vacuum refrigeration. Information on any of this type of 
equipment is available on request. 


EVACTOR Steam Jet air pumps, Boosters and 
Thermocompressors 


CHILL-VACTOR Refrigerating Equipment 
CONDENSERS, Surface, Jet and Barometric 
AQUA-VACTORS, Water Jet Vacuum Pumps 
JET MIXERS, Absorbers and Heaters 

JET FUME SCRUBBERS 

JET PUMPS and Special Jets 


Croll-Reynolds 


Main Office: 751 Central Avenue, Westfield, N. J. 
New York Office: 17 John St., New York 38, N. Y 


CHILL-VACTOR Units * EVACTOR Steam Jets * Condensing Equipment 
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ominating Committee will be headed by 

B. F. Dodge, past president, who was ap- 
pointed by Council at its January meeting .. . It 
might not be amiss at this time to review briefly 
for the membership the functions of the Nomi- 
nating Committee and to preview its task in 1956 
. . » Provisions for the Nominating Committee 
as passed a few years ago by the members specify 
that the committee be composed of at least 
five Members or Associate Members of the 
A.LCh.E. . . . There may be a greater number 
and has been in the past . . . Committee chair- 
men have tried to obtain on the Nominating 
Committee a geographical balance that would 
tap the best available men from all parts of 
the United States .. . Nor is the geographical 
representation neglected in nominating officers 
and directors, as the committee is well aware of 
its responsibility in this regard Sugges- 
tions made by Local Sections and individuals 
are all carefully weighed and possible candidates 
are apprised of the requirements of office in- 
cluding their expected attendance at Council 
meetings .. . When the slate is completed, the 
A.1.Ch.E. office is notified and suitable publicity 
on the candidates is given in Chemical Engi- 
neering Progress Local Sections contem- 
plating the nomination of a favorite son by 
petition ought to be well aware of the time- 
table involved . . . The constitution calls for 
the nominating ballot to be in the Secretary's 
office not later than seven weeks prior to the 
Annual Meeting . . . However, the Nominating 
Committee has been asked by a Council by-law 
to bring in their nominees eighteen weeks prior 
to the Annual Meeting in order that the candi- 
dates’ records may be seen by the membership 
early in the year . . . Last year, for instance, 
most of the candidates were publicized in the 
July issue, the ballot going out for action about 
October | . . . However, the deadline for nom- 
ination by petition is still the constitutional 
seven weeks, or this year October 5... May | 
take this opportunity to pass on to the Local 
Sections the information that the committee 
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this year will try to report on its choice of 
candidates as early as did the committee in 
1955, so that once again the July issue may con- 
tain pictures of most of the candidates . . 
This means that petitions, biographical data, 
pictures, etc., ought to be in A.LCh.E. head- 
quarters no later than June 15 in order to give 
adequate publicity to any candidate nominated 
by petition .. . The last possible date for nom- 
inations by petition to be received in this office 
will be October 5; however, there will be little 
opportunity for publicity at this late date. . . 
We shall have the election ballot standing in 
type and waiting for last minute additions to 
be made in time to mail it to the members no 
later, we hope, than October 15 . . . It seems 
important to me, as Secretary, that these facts 
be given the membership so that the nominating 
procedure may be just as fair as possible to 
everyone who has agreed to run for Council. . . 
A.LCh.E. has always been fortunate in having 
a high caliber of person available for office . . . 
We believe that decisions affecting chemical en- 
gineering in the next ten years are going to 
be of an extremely critical nature and that the 
burden that will be placed on these men will 
not be light... How Many Vote? Last year, 
out of the total of 14,691 ballots mailed, there 
were returned in time for counting 6,870, or 
46.079, .... The Harris-Fulbright Bill came in 
for discussion by both the Executive Committee 
and Council .. . The Dallas Section presented 
a resolution to Congress in favor of the passage 
of this bill and also sent notice of its action to 
other Local Sections . . . This was examined 
carefully by the Executive Committee in the 
light of A.L.Ch.E.’s legal and historic position 
in relation to legislation . . . Consensus was that 
nothing be done to curtail free expressions of 
Local Sections on this matter . .. However, it was 
decided that as a national organization we take 
no position on the Harris-Fulbright Bill and 
Council agreed with the conclusions reached by 
the Executive Committee. 

F.J.V.A. 
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The above photo shows a lorge Houston Petro Chemical (Synthetic 
Ammonia) Plant with 9 compressor stations a total of 54 
coolers or 306 high pressure heat exchanger sections Pressures 
from 72 psi to 5300 psi 


Brown high pressure heat exchanger sections are now performing 
with high efficiency, in almost all the Petro-Chemical plants that 
have been built in the lost five years 


BFT high pressure sectionol heat exchangers are available for 
pressures up to 22,000 psi 


HEAT EXCHANGER SECTIONS 


PRODUCTS 


= BROWN FINTUBE COMPANY 
Elyria, Ohio 
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You can’t afford to guess about fluid 
mixing. And you don't need to. 

On any mixing operation you can get 
factual answers to questions like these, 
to guide you in your mixer selection: 

1. What precise balance of fluid flow and 
fluid shear will do my mixing job best? 
2. If this balance can be attained in dif- 
ferent ways, what is the most efficient 
and economical way? 

3. In scaling-up, does power required 
per unit volume remain constant? If not, 
by what factor does it increase or de- 
crease? 

4. Will the mixer transmit the required 
power to the mix, and do it efficiently? 
5. Can the mixer be installed without 


Use this proved method /0 get good fluid mixing 


special construction? Can I get standard 
replacement parts quickly if I ever need 
them? 

6. Am I protected against mixer obso- 
lescence in case of a process change? 

You snow the answers to these vital 
questions, when you mix with LIGHTNIN 
Mixers. 

Predicting results 
Even on the simplest mixer application, 
your LIGHTNIN sales engineer's recom- 
mendation is based on thousands of 
pilot runs, plus years of in-the-field 
experience. 

On complex mixing jobs, pilot runs 
at Mixco quickly find the impeller-to- 
tank diameter ratio and input power that 
will produce the optimum fluid regime 


“Lightnin Mixers. 


MIXCO fluid mixing specialists 


FOR LATEST MIXING INFORMATION and full description of LIGHTNIN Mixers, send 


for these helpful bulletins: 

(_] 8-102 Top or bottom enter- 
ing; turbine, paddle, and 25P 
propeller types: | to 500 HP 

8-103 Top entering; propel- 
ler types: ‘4 to 3 HP 

8-108 Portable: to 3 HP 


Check, clip, and mail with your name, title, company address to: 


MIXING EQUIPMENT Co., Inc., 199-b Mt. Read Bivd., Rochester 11, N. Y. 
In Canada: Greey Mixing Equipment, Ltd., Toronto 10, Ont. 


() 8-104 Side entering: | to 


8-11 2Laboratory and smoll- 
batch production types 

(] 8-109 Condensed catalog 
showing all types 


B-111 Quick-change rotory 
mechanical seals for pressure 
and vacuum mining 


[_} B-107 Dato sheet for figuring 


mixer requirements 


GET EFFICIENT MIXING, plus built-in odapt- 
ability to process changes, with turbine-type 
LIGHTNIN Mixers. 


most economically. Scale-up is guaran. 
teed accurate. 
Mechanical economy 

Your mixer investment goes into equip- 
ment that is mechanically up-to-the 
minute. Hundreds of standard LiGHItNiINn 
power-speed combinations (inter 
changeable in many models); widest 
possible choice of in-stock materials 
and interchangeable components, give 
you assurance of correct application, 
smooth running, and flexibility when 
you need it. 

For fluid mixing that does what you 
want it to do, call in your LiGurNnin 
Mixer representative. (He's listed in 
Chemical Engineering Catalog.) Or 
write us direct. 


Left: ANY TANK, regordies: of size or shape, con 
be fitted with o UGHTNIN Mixer for correct mixing 
Right: Make any open tank an effective mixing unit, 
with ao UGHTNIN Portable Mixer. Thirty models 
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